
Neutrinoless double beta decay  
in effective field theory 

Uncovering the Mechanism of 0νββ

Wouter Dekens 

with  
Guanghui Zhou, Kaori Fuyuto, 

V. Cirigliano, J. de Vries, M.L. Graesser,  
E. Mereghetti, M. Piarulli, S. Pastore,  

U. van Kolck, A. Walker-Loud, R.B. Wiringa 

Based on:  

arXiv:2002.07182 , 1907.11254 ,1806.02780, 1710.01729,  
1802.10097, 1710.05026, 1708.09390



W. Dekens, ACFI workshop, 12/9Introduction

e�

e�

LNV

0νββ

76Se76Ge



W. Dekens, ACFI workshop, 12/9Introduction

e�

e�

LNV

0νββ

= BSM physics



W. Dekens, ACFI workshop, 12/9

e�

e�

LNV

0νββ
LeY-right model? Light Majorana mass? 

⌫e

⌫e e�

e�

WL

WL

e�

e�

WR

WR

⌫R

⌫R

+ ??

• Implications for the mass hierarchy 

Well-known Majorana mass mechanism

=

Introduction



W. Dekens, ACFI workshop, 12/9

e�

e�

LNV

0νββ
LeY-right model? Light Majorana mass? 

⌫e

⌫e e�

e�

WL

WL

e�

e�

WR

WR

⌫R

⌫R

+ ??

• Implications for the mass hierarchy 

Well-known Majorana mass mechanism

• Many possible scenarios 

• Left-right model,  

• R-parity violating SUSY 

• Leptoquarks… 

Heavy BSM mechanisms

=

Introduction



W. Dekens, ACFI workshop, 12/9

e�

e�

LNV

0νββ
LeY-right model? Light Majorana mass? 

⌫e

⌫e e�

e�

WL

WL

e�

e�

WR

WR

⌫R

⌫R

+ ??

• Implications for the mass hierarchy 

Well-known Majorana mass mechanism

• Many possible scenarios 

• Left-right model,  

• R-parity violating SUSY 

• Leptoquarks… 

• How to describe all LNV sources 
systematically? 

=

Heavy BSM mechanisms

Introduction



W. Dekens, ACFI workshop, 12/9

SM EFT 
SU(3)xSU(2)xU(1) invariant 

⇤

100 MeV

Integrate out  
heavy SM fields

Lahce QCD input

Construct two-nucleon 
0𝜈𝛽𝛽 operators

Integrate out  
BSM fields

SM EFT’ 
SU(3)xU(1)em invariant 

Chiral Effeclve Theory 

Many Body Methods 

T 0⌫
1/2(0

+ ! 0+)

Nuclear Matrix elements1 MeV

Electroweak symmetry breaking

Non-perturbative QCD

?? TeV

100 GeV

1 GeV

Outline Lepton-number violation: 
seesaw, left-right model, leptoquarks,…



W. Dekens, ACFI workshop, 12/9

SM EFT 
SU(3)xSU(2)xU(1) invariant 

⇤

100 MeV

Integrate out  
heavy SM fields

Lahce QCD input

Construct two-nucleon 
0𝜈𝛽𝛽 operators

Integrate out  
BSM fields

SM EFT’ 
SU(3)xU(1)em invariant 

Chiral Effeclve Theory 

Many Body Methods 

T 0⌫
1/2(0

+ ! 0+)

Nuclear Matrix elements1 MeV

Electroweak symmetry breaking

Non-perturbative QCD

?? TeV

100 GeV

1 GeV

Outline Lepton-number violation: 
seesaw, left-right model, leptoquarks,…



W. Dekens, ACFI workshop, 12/9
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•

Matching to Chiral EFT 

Chiral Effeclve Theory 

In terms of nucleons, pions, leptons 

SM EFT’ 
SU(3)xU(1)em invariant 

In terms of quarks, gluons, leptons L(u, d, g, ⌫, e)

L�PT (N,⇡, ⌫, e)

Form of operators determined by chiral symmetry 

Need a power-counting scheme 
• Start by assuming Naive dimensional analysis (NDA)  
• Will come back to whether it breaks down

Manohar, Georgi, `84; Weinberg, `90, `91

The operators come with unknown constants (LECs)
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Warning: Based on NDA 

• At LO in Weinberg counting, only need the nucleon one-body currents 
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Chiral EFT 
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Chiral EFT 
Dim 3 Dim 6 & 7
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Matching similar for higher-dimensional operators: 

• Additional  interactions 
• New Low-energy constants

ππ, πN, NN

V�L=2 =
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Chiral EFT 
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Chiral EFT 
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• Based on NDA / Weinberg counting 
• Not consistent in the 1S0 channel 
• Turns out not to be consistent in 0νββ either (backup) 

Kaplan, Savage, Wise, ’96; Beane, Bedaque, Savage, van Kolck, ’03, Nogga, Timmermans, van Kolck, ’05, Long, Yang, ’12;
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Chiral EFT 
Dim 3 Dim 6 & 7 Dim 9
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Matching similar for higher-dimensional operators: 

• Additional  interactions 
• New Low-energy constants

ππ, πN, NN

V�L=2 =
e

e

⇡�

⇡�

n p

n p

e

ud

e

ud

Scalar

1+2+4 ‘non-NDA’ 
contact interactions 

Kaplan, Savage, Wise, ’96; Beane, Bedaque, Savage, van Kolck, ’03, Nogga, Timmermans, van Kolck, ’05, Long, Yang, ’12;
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SM EFT 
SU(3)xSU(2)xU(1) invariant 

⇤

100 MeV

Integrate out  
heavy SM fields

Lahce QCD input

Construct two-nucleon 
0𝜈𝛽𝛽 operators

Integrate out  
BSM fields

SM EFT’ 
SU(3)xU(1)em invariant 

Chiral Effeclve Theory 

Many Body Methods 

T 0⌫
1/2(0

+ ! 0+)

Nuclear Matrix elements1 MeV

Electroweak symmetry breaking

Non-perturbative QCD

?? TeV

100 GeV

1 GeV

Outline Lepton-number violation: 
seesaw, left-right model, leptoquarks,…
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The 0𝜈𝛽𝛽 half-life 
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nucleons
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eiq·r V (q2) |0+i

����
2

=
X

i,j

Gi,jMiMjgigjCiC
⇤
j

• Combinations of Wilson coefficients
• Perturbative, determined by BSM physics 
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Nuclear matrix elements 
• All NMEs can be obtained from those of light/heavy neutrino exchange

• 9 long-distance & 6 short-distance
• Have been determined in literature

• Follow ChiPT expectations fairly well
• E.g. all O(1) and

Barea et al. ’15; Hyvarinen et al, ’15; Horoi et al. ’17, Menendez et al, ‘18
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Nuclear matrix elements 

• The NMEs differ by a factor 2-3 between methods

• For Majorana-mass term & other LNV sources

Barea et al. ’15; Hyvarinen et al, ’15; Horoi et al. ’17, Menendez et al, ‘18

• All NMEs can be obtained from those of light/heavy neutrino exchange
• 9 long-distance & 6 short-distance
• Have been determined in literature

• Follow ChiPT expectations fairly well
• E.g. all O(1) and
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Phenomenology
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Current limits 

136Xe

ud

⌫L e } }Dim 6 & 7 Dim 9

• Couplings with Ci ~ v3/𝛬3
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ud
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Current limits 

136Xe

ud

⌫L e } }Dim 6 & 7 Dim 9

• Couplings with Ci ~ v3/𝛬3

• Couplings with Ci ~ v5/𝛬5

e
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e
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}
Dim 9
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Current limits 

136Xe

ud

⌫L e } }Dim 6 & 7 Dim 9

• Couplings with Ci ~ v3/𝛬3

• Couplings with Ci ~ v5/𝛬5

e

ud

e

ud

}
Dim 9

e

ud

e

ud

• O(1) uncertainties:
• Unknown LECs
•  Nuclear Matrix elements



W. Dekens, ACFI workshop, 12/9

Current limits 
Two-coupling analysis
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Disentangling  
operators
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• Picking the allowed values  

Disentangling operators 
What if a 0𝜈𝛽𝛽 signal is measured?
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m�� = 0.05 eV CLeudH = ei↵/⇤3 ⇤ = 40TeV
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Light (almost) sterile  
neutrinos

Based on arXiv:2002.07182 

G. Zhou, K. Fuyuto, J. de Vries, E. Mereghetti, WD
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Sterile neutrinos 
• Could play a role in leptogenesis

• Provides a dark matter candidate

• Appear in Left-Right models / Leptoquark scenarios / Grand Unified Theories

• Have been suggested as a solution to neutrino oscillation experiments

Caneh et al. ’13

Boyarski et al. ’19

Böser et al. ’19
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Sterile neutrinos 
• Could play a role in leptogenesis

• Provides a dark matter candidate

• Appear in Left-Right models / Leptoquark scenarios / Grand Unified Theories

• Have been suggested as a solution to neutrino oscillation experiments

Caneh et al. ’13

Boyarski et al. ’19

Böser et al. ’19

• Add sterile effects by including:

L⌫R = i⌫̄R /@⌫R � 1

2
⌫̄
c
RMR⌫R � L̄H̃YD⌫R + L(6)

⌫R
+ L(7)

⌫R

<latexit sha1_base64="T5YbpUH9xfUtYpflJUAItjtWmLg="></latexit>

see also Blennow et al, ’10; Barea et al, ’15; Giunl et al, ’15; Bolton et al, ’19;
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• Majorana mass 
(L violating)

see also Blennow et al, ’10; Barea et al, ’15; Giunl et al, ’15; Bolton et al, ’19;
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• Majorana mass 
(L violating)
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see also Blennow et al, ’10; Barea et al, ’15; Giunl et al, ’15; Bolton et al, ’19;
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Sterile neutrinos 
• Could play a role in leptogenesis

• Provides a dark matter candidate

• Appear in Left-Right models / Leptoquark scenarios / Grand Unified Theories

• Have been suggested as a solution to neutrino oscillation experiments

Caneh et al. ’13

Boyarski et al. ’19

Böser et al. ’19

• Add sterile effects by including:

L⌫R = i⌫̄R /@⌫R � 1

2
⌫̄
c
RMR⌫R � L̄H̃YD⌫R + L(6)

⌫R
+ L(7)

⌫R

<latexit sha1_base64="T5YbpUH9xfUtYpflJUAItjtWmLg="></latexit>

• Majorana mass 
(L violating)

• Dirac mass 
(L conserving)

• Dimension-6 (L-conserving)
• Dimension-7 operators (L-violating)

• Induced by heavy BSM physics

Liao & Ma, ’17

see also Blennow et al, ’10; Barea et al, ’15; Giunl et al, ’15; Bolton et al, ’19;
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SM EFT 
SU(3)xSU(2)xU(1) invariant 

⇤

100 MeV

Integrate out  
heavy SM fields

Lahce QCD input

Construct two-nucleon 
0𝜈𝛽𝛽 operators

Integrate out  
BSM fields

SM EFT’ 
SU(3)xU(1)em invariant 

Chiral Effeclve Theory 

Many Body Methods 

T 0⌫
1/2(0

+ ! 0+)

Nuclear Matrix elements1 MeV

Electroweak symmetry breaking

Non-perturbative QCD

?? TeV

100 GeV

1 GeV

Can now go through the same steps as before:

Sterile neutrinos 
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SM EFT 
SU(3)xSU(2)xU(1) invariant 

⇤

100 MeV

Integrate out  
heavy SM fields

Lahce QCD input

Construct two-nucleon 
0𝜈𝛽𝛽 operators

Integrate out  
BSM fields

SM EFT’ 
SU(3)xU(1)em invariant 

Chiral Effeclve Theory 

Many Body Methods 

T 0⌫
1/2(0

+ ! 0+)

Nuclear Matrix elements1 MeV

Electroweak symmetry breaking

Non-perturbative QCD

?? TeV

100 GeV

1 GeV

Can now go through the same steps as before:

Sterile neutrinos 

• EFT now includes  as explicit degrees of freedom
• LECs and NMEs now depend on 
• When/if  can be integrated out depends on 

νR
mνR

νR mνR
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• SM + a sterile neutrino + a leptoquark

• Cannot reproduce neutrino masses/mixings

Sterile neutrinos 
Toy model

u

d e

⌫R
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LQ

u

d e

⌫R
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• SM + a sterile neutrino + a leptoquark

• Cannot reproduce neutrino masses/mixings

No LQ 

Interaction

Current limit
• O(100%) uncertainties not shown
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• SM + a sterile neutrino + a leptoquark

• Cannot reproduce neutrino masses/mixings
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No LQ 

Interaction


mLQ = 10 TeV
yRL *yLR = 1

Current limit
• O(100%) uncertainties not shown

• Non-standard interactions have a large effect

• Similar large effects in more realistic models
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• EFTs allow one to systematically describe ∆L=2 sources

• Light Majorana neutrino exchange (dim-5)

• Dimension-7 & -9 sources

• Effects from  νR

Summary 
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• Matching to chiral EFT involves unknown LECs

• Renormalization requires terms beyond Weinberg counting
• Can in principle be determined from LQCD

• Needed Nuclear Matrix Elements determined in literature
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• EFTs allow one to systematically describe ∆L=2 sources

• Light Majorana neutrino exchange (dim-5)

• Dimension-7 & -9 sources

• Effects from  νR

• Matching to chiral EFT involves unknown LECs

• Renormalization requires terms beyond Weinberg counting
• Can in principle be determined from LQCD

• Needed Nuclear Matrix Elements determined in literature

Summary 

•  can probe
• O(1-10) TeV scales for dim-9
• O(100) TeV scales for dim-7
• O(10) TeV scales for  interactions

• Order 1 LECs + NMEs uncertainties

0νββ

νR
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Back up slides
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A new contact interaction 
at leading order
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Chiral EFT 
Summary

Dim 3 Dim 6 & 7 Dim 9
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Scalar Vector

1 structure2 structures

• Based on NDA / Weinberg counting 
• Not consistent in the 1S0 channel 
• Does it hold for 0νββ? 

Kaplan, Savage, Wise, ’96; Beane, Bedaque, Savage, van Kolck, ’03, Nogga, Timmermans, van Kolck, ’05, Long, Yang, ’12;
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Check that                                  is finite A(nn ! ppee)

Checking the power counting 
Dimension-3 
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• Requires inclusion of the strong interaction 

L� =
<latexit sha1_base64="buEIMbHYk5sAPL7t9kwZO+MKhy8=">AAAB+XicbVC7SgNBFL0bXzHxsWppMxgFq7CrhTZC0MbCIoJ5QHZZZiezyZDZBzOzgbDkT2wsFLEV/AH/wM4P0drZJIUmHhg4nHMv98zxE86ksqxPo7C0vLK6VlwvlTc2t7bNnd2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfmDq9xvDamQLI7u1Cihboh7EQsYwUpLnmk6IVZ9gjm68RzSZxeeWbGq1gRokdgzUqkdfr29D8vfdc/8cLoxSUMaKcKxlB3bSpSbYaEY4XRcclJJE0wGuEc7mkY4pNLNJsnH6EgrXRTEQr9IoYn6eyPDoZSj0NeTeU457+Xif14nVcG5m7EoSRWNyPRQkHKkYpTXgLpMUKL4SBNMBNNZEeljgYnSZZV0Cfb8lxdJ86Rqn1btW93GJUxRhH04gGOw4QxqcA11aACBIdzDIzwZmfFgPBsv09GCMdvZgz8wXn8Ajy+XYQ==</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

⇡
<latexit sha1_base64="npuYF7HwvdDuwFCVp1CbgJXNZC0=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmdFE3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzTkn/jFSuXMFUeDuAQjsGHMlTgGqpQAwI9eIAneHa48+i8OK/T0pwz69mHP3LefwCwQJEN</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

Check that                                  is finite A(nn ! ppee)

Checking the power counting 
Dimension-3 



W. Dekens, ACFI workshop, 12/9

• Requires inclusion of the strong interaction 

L� =
<latexit sha1_base64="buEIMbHYk5sAPL7t9kwZO+MKhy8=">AAAB+XicbVC7SgNBFL0bXzHxsWppMxgFq7CrhTZC0MbCIoJ5QHZZZiezyZDZBzOzgbDkT2wsFLEV/AH/wM4P0drZJIUmHhg4nHMv98zxE86ksqxPo7C0vLK6VlwvlTc2t7bNnd2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfmDq9xvDamQLI7u1Cihboh7EQsYwUpLnmk6IVZ9gjm68RzSZxeeWbGq1gRokdgzUqkdfr29D8vfdc/8cLoxSUMaKcKxlB3bSpSbYaEY4XRcclJJE0wGuEc7mkY4pNLNJsnH6EgrXRTEQr9IoYn6eyPDoZSj0NeTeU457+Xif14nVcG5m7EoSRWNyPRQkHKkYpTXgLpMUKL4SBNMBNNZEeljgYnSZZV0Cfb8lxdJ86Rqn1btW93GJUxRhH04gGOw4QxqcA11aACBIdzDIzwZmfFgPBsv09GCMdvZgz8wXn8Ajy+XYQ==</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

⇡
<latexit sha1_base64="npuYF7HwvdDuwFCVp1CbgJXNZC0=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmdFE3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzTkn/jFSuXMFUeDuAQjsGHMlTgGqpQAwI9eIAneHa48+i8OK/T0pwz69mHP3LefwCwQJEN</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

Dress the ΔL=2 potential with (renormalized) strong interactions: 

e

e

n
p

n p ✔  finite 

Check that                                  is finite A(nn ! ppee)

Checking the power counting 
Dimension-3 



W. Dekens, ACFI workshop, 12/9

• Requires inclusion of the strong interaction 

L� =
<latexit sha1_base64="buEIMbHYk5sAPL7t9kwZO+MKhy8=">AAAB+XicbVC7SgNBFL0bXzHxsWppMxgFq7CrhTZC0MbCIoJ5QHZZZiezyZDZBzOzgbDkT2wsFLEV/AH/wM4P0drZJIUmHhg4nHMv98zxE86ksqxPo7C0vLK6VlwvlTc2t7bNnd2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfmDq9xvDamQLI7u1Cihboh7EQsYwUpLnmk6IVZ9gjm68RzSZxeeWbGq1gRokdgzUqkdfr29D8vfdc/8cLoxSUMaKcKxlB3bSpSbYaEY4XRcclJJE0wGuEc7mkY4pNLNJsnH6EgrXRTEQr9IoYn6eyPDoZSj0NeTeU457+Xif14nVcG5m7EoSRWNyPRQkHKkYpTXgLpMUKL4SBNMBNNZEeljgYnSZZV0Cfb8lxdJ86Rqn1btW93GJUxRhH04gGOw4QxqcA11aACBIdzDIzwZmfFgPBsv09GCMdvZgz8wXn8Ajy+XYQ==</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

⇡
<latexit sha1_base64="npuYF7HwvdDuwFCVp1CbgJXNZC0=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmdFE3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzTkn/jFSuXMFUeDuAQjsGHMlTgGqpQAwI9eIAneHa48+i8OK/T0pwz69mHP3LefwCwQJEN</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

Dress the ΔL=2 potential with (renormalized) strong interactions: 

e

e

n p

n p ✔  finite 

Check that                                  is finite A(nn ! ppee)

Checking the power counting 
Dimension-3 
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• Requires inclusion of the strong interaction 

L� =
<latexit sha1_base64="buEIMbHYk5sAPL7t9kwZO+MKhy8=">AAAB+XicbVC7SgNBFL0bXzHxsWppMxgFq7CrhTZC0MbCIoJ5QHZZZiezyZDZBzOzgbDkT2wsFLEV/AH/wM4P0drZJIUmHhg4nHMv98zxE86ksqxPo7C0vLK6VlwvlTc2t7bNnd2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfmDq9xvDamQLI7u1Cihboh7EQsYwUpLnmk6IVZ9gjm68RzSZxeeWbGq1gRokdgzUqkdfr29D8vfdc/8cLoxSUMaKcKxlB3bSpSbYaEY4XRcclJJE0wGuEc7mkY4pNLNJsnH6EgrXRTEQr9IoYn6eyPDoZSj0NeTeU457+Xif14nVcG5m7EoSRWNyPRQkHKkYpTXgLpMUKL4SBNMBNNZEeljgYnSZZV0Cfb8lxdJ86Rqn1btW93GJUxRhH04gGOw4QxqcA11aACBIdzDIzwZmfFgPBsv09GCMdvZgz8wXn8Ajy+XYQ==</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

⇡
<latexit sha1_base64="npuYF7HwvdDuwFCVp1CbgJXNZC0=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmdFE3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzTkn/jFSuXMFUeDuAQjsGHMlTgGqpQAwI9eIAneHa48+i8OK/T0pwz69mHP3LefwCwQJEN</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

Dress the ΔL=2 potential with (renormalized) strong interactions: 

e

e

n p

n p ❌ Divergent

Check that                                  is finite A(nn ! ppee)

Checking the power counting 
Dimension-3 
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• Requires inclusion of the strong interaction 

L� =
<latexit sha1_base64="buEIMbHYk5sAPL7t9kwZO+MKhy8=">AAAB+XicbVC7SgNBFL0bXzHxsWppMxgFq7CrhTZC0MbCIoJ5QHZZZiezyZDZBzOzgbDkT2wsFLEV/AH/wM4P0drZJIUmHhg4nHMv98zxE86ksqxPo7C0vLK6VlwvlTc2t7bNnd2mjFNBaIPEPBZtH0vKWUQbiilO24mgOPQ5bfmDq9xvDamQLI7u1Cihboh7EQsYwUpLnmk6IVZ9gjm68RzSZxeeWbGq1gRokdgzUqkdfr29D8vfdc/8cLoxSUMaKcKxlB3bSpSbYaEY4XRcclJJE0wGuEc7mkY4pNLNJsnH6EgrXRTEQr9IoYn6eyPDoZSj0NeTeU457+Xif14nVcG5m7EoSRWNyPRQkHKkYpTXgLpMUKL4SBNMBNNZEeljgYnSZZV0Cfb8lxdJ86Rqn1btW93GJUxRhH04gGOw4QxqcA11aACBIdzDIzwZmfFgPBsv09GCMdvZgz8wXn8Ajy+XYQ==</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

⇡
<latexit sha1_base64="npuYF7HwvdDuwFCVp1CbgJXNZC0=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmdFE3YtGNy4r2Au1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzQsmZNp737eSWlldW1/Lr7sbm1vZOYXevrpNUEVojCU9UM8SaciZozTDDaVMqiuOQ00Y4uBrnjXuqNEvEnRlKGsS4J1jECDbWum1L1ikUvZI3EVoEfwbFiw/3XL59udVO4bPdTUgaU2EIx1q3fE+aIMPKMMLpyG2nmkpMBrhHWxYFjqkOssmoI3RknS6KEmWfMGji/u7IcKz1MA5tZYxNX89nY/O/rJWa6CzImJCpoYJMP4pSjkyCxnujLlOUGD60gIlidlZE+lhhYux1XHsEf37lRaiflPzTkn/jFSuXMFUeDuAQjsGHMlTgGqpQAwI9eIAneHa48+i8OK/T0pwz69mHP3LefwCwQJEN</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

Dress the ΔL=2 potential with (renormalized) strong interactions: 

e

e

n p

n p +finite Regulator dependent

In MS-bar: 

Check that                                  is finite A(nn ! ppee)

Checking the power counting 
Dimension-3 
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• Amplitudes obtained using

• MS-bar

• Coordinate-space cut-off
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• Clear µ or RS dependence
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• Need a new contact interaction at leading order to get physical amplitudes:        

⌫e

e�

e�

n p

n p

e

e

p

pn

n

V�L=2 = V⌫ + V⌫,CT =
<latexit sha1_base64="7qdU+ng2cZp/ja27SQ4ecAtR5yg="></latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

Need for a counter term 

LCT =
<latexit sha1_base64="SkA2/KkREE8KvxM8csxtHvMJLcs=">AAAB+XicbVC7SgNBFL0bXzG+VgUbm8EgWIVdLbQRQtJYWCSQFyTLMjuZTYbMPpiZDYQlf2JjoYhg5S/4BXY2fouzSQpNPDBwOOde7pnjxZxJZVlfRm5tfWNzK79d2Nnd2z8wD49aMkoEoU0S8Uh0PCwpZyFtKqY47cSC4sDjtO2NqpnfHlMhWRQ21CSmToAHIfMZwUpLrmn2AqyGBHN076bVxvTWNYtWyZoBrRJ7QYrlk/o3e6t81Fzzs9ePSBLQUBGOpezaVqycFAvFCKfTQi+RNMZkhAe0q2mIAyqddJZ8is610kd+JPQLFZqpvzdSHEg5CTw9meWUy14m/ud1E+XfOCkL40TRkMwP+QlHKkJZDajPBCWKTzTBRDCdFZEhFpgoXVZBl2Avf3mVtC5L9lXJrus2KjBHHk7hDC7Ahmsowx3UoAkExvAAT/BspMaj8WK8zkdzxmLnGP7AeP8BqouWuA==</latexit>
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• Need a new contact interaction at leading order to get physical amplitudes:        

• Could be determined from a lattice calculation of
• Area of active research

• Finite part of            is currently unknown, hard to estimate its impact

⌫e

e�

e�

n p

n p

e

e

p

pn

n

V�L=2 = V⌫ + V⌫,CT =
<latexit sha1_base64="7qdU+ng2cZp/ja27SQ4ecAtR5yg="></latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

A(nn ! ppe�e�)
<latexit sha1_base64="sLS+ly9Ss9JBrECNZiEp0r4D3/s=">AAACBHicbVC7TsMwFHXKq5RXgLGL1QqpCFElMMBYYGEsEn1ITagc12mtOo5lO0hR1IGFL+AfWBhAiJWPYOvf4D4GKBzZ0tE59+reewLBqNKOM7ZyS8srq2v59cLG5tb2jr2711RxIjFp4JjFsh0gRRjlpKGpZqQtJEFRwEgrGF5N/NY9kYrG/FangvgR6nMaUoy0kbp20YuQHmDE4EWFc0/HUAhI7o7NO+zaZafqTAH/EndOyrWSd/Q0rqX1rv3l9WKcRIRrzJBSHdcR2s+Q1BQzMip4iSIC4SHqk46hHEVE+dn0iBE8MEoPhrE0n2s4VX92ZChSKo0CUzlZWS16E/E/r5Po8NzPKBeJJhzPBoUJg+bWSSKwRyXBmqWGICyp2RXiAZIIa5NbwYTgLp78lzRPqu5p1b0xaVyCGfKgCEqgAlxwBmrgGtRBA2DwAJ7BK3izHq0X6936mJXmrHnPPvgF6/MbrZOZyg==</latexit>

• Estimate from relation to EM (back-up slides)
• ~10-30% contribution in 
• ~60% in light nuclei, 12Be→12Ce-e-

LCT =
<latexit sha1_base64="SkA2/KkREE8KvxM8csxtHvMJLcs=">AAAB+XicbVC7SgNBFL0bXzG+VgUbm8EgWIVdLbQRQtJYWCSQFyTLMjuZTYbMPpiZDYQlf2JjoYhg5S/4BXY2fouzSQpNPDBwOOde7pnjxZxJZVlfRm5tfWNzK79d2Nnd2z8wD49aMkoEoU0S8Uh0PCwpZyFtKqY47cSC4sDjtO2NqpnfHlMhWRQ21CSmToAHIfMZwUpLrmn2AqyGBHN076bVxvTWNYtWyZoBrRJ7QYrlk/o3e6t81Fzzs9ePSBLQUBGOpezaVqycFAvFCKfTQi+RNMZkhAe0q2mIAyqddJZ8is610kd+JPQLFZqpvzdSHEg5CTw9meWUy14m/ud1E+XfOCkL40TRkMwP+QlHKkJZDajPBCWKTzTBRDCdFZEhFpgoXVZBl2Avf3mVtC5L9lXJrus2KjBHHk7hDC7Ahmsowx3UoAkExvAAT/BspMaj8WK8zkdzxmLnGP7AeP8BqouWuA==</latexit>

Need for a counter term 

A(nn ! ppe�e�)
<latexit sha1_base64="sLS+ly9Ss9JBrECNZiEp0r4D3/s=">AAACBHicbVC7TsMwFHXKq5RXgLGL1QqpCFElMMBYYGEsEn1ITagc12mtOo5lO0hR1IGFL+AfWBhAiJWPYOvf4D4GKBzZ0tE59+reewLBqNKOM7ZyS8srq2v59cLG5tb2jr2711RxIjFp4JjFsh0gRRjlpKGpZqQtJEFRwEgrGF5N/NY9kYrG/FangvgR6nMaUoy0kbp20YuQHmDE4EWFc0/HUAhI7o7NO+zaZafqTAH/EndOyrWSd/Q0rqX1rv3l9WKcRIRrzJBSHdcR2s+Q1BQzMip4iSIC4SHqk46hHEVE+dn0iBE8MEoPhrE0n2s4VX92ZChSKo0CUzlZWS16E/E/r5Po8NzPKBeJJhzPBoUJg+bWSSKwRyXBmqWGICyp2RXiAZIIa5NbwYTgLp78lzRPqu5p1b0xaVyCGfKgCEqgAlxwBmrgGtRBA2DwAJ7BK3izHq0X6936mJXmrHnPPvgF6/MbrZOZyg==</latexit>

Davoudi and Kadam, ’20; Feng et al, ‘20
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Checking the Weinberg counting 
Any effect for the dim-6,7,9 terms?

• In the Majorana-mass case, the LNV potential leads to a divergence
• Can perform the same checks for the higher-dimensional terms
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Checking the Weinberg counting 
Any effect for the dim-6,7,9 terms?
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1−9

• In the Majorana-mass case, the LNV potential leads to a divergence
• Can perform the same checks for the higher-dimensional terms

• Leads to divergences in several cases
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Checking the Weinberg counting 
Any effect for the dim-6,7,9 terms?
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• Need to include contact interactions at LO in these cases
• Often disagrees with the Weinberg / NDA counting
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1−9

• In the Majorana-mass case, the LNV potential leads to a divergence
• Can perform the same checks for the higher-dimensional terms

• Leads to divergences in several cases
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Chiral EFT 
NDA / Weinberg

Dim 3 Dim 6 & 7 Dim 9
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Chiral EFT 
Beyond NDA / Weinberg

Dim 3 Dim 6 & 7 Dim 9
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1+2+4 additional 
contact interactions 
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Relation to  
electromagnetism
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Relation to electromagnetism

LNV contact term
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<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

�

EM contact term

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

C1,2
<latexit sha1_base64="muClqxizm1lR3YxxvT4H2GQYXOM=">AAAB7nicbVC7SgNBFL3jMyY+opY2g1GwkLAbCy2DaSwjmAckS5idzCZDZmeXmdlAWPIRNhaK2PoF/oB/YOeHaO3kUWjigQuHc+7l3nv8WHBtHOcTrayurW9sZrayue2d3b38/kFdR4mirEYjEammTzQTXLKa4UawZqwYCX3BGv6gMvEbQ6Y0j+SdGcXMC0lP8oBTYqzUqHRS97w07uQLTtGZAi8Td04K5ZOvt/dh7rvayX+0uxFNQiYNFUTrluvExkuJMpwKNs62E81iQgekx1qWShIy7aXTc8f41CpdHETKljR4qv6eSEmo9Sj0bWdITF8vehPxP6+VmODKS7mME8MknS0KEoFNhCe/4y5XjBoxsoRQxe2tmPaJItTYhLI2BHfx5WVSLxXdi6J7a9O4hhkycATHcAYuXEIZbqAKNaAwgHt4hCcUowf0jF5mrStoPnMIf4BefwAdcZMx</latexit>
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• Hard part of two Weak currents 

• Leptonic part combines to boson propagator 

Relation to electromagnetism

LNV contact term
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<latexit sha1_base64="olUcHFKuHFKm7EeQ/0YuR8+ULqI="></latexit>
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<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

�

EM contact term

• Hard part of two EM currents 

• Non-hadronic part is the photon propagator 
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<latexit sha1_base64="6hCT7b+Dk/fFwXPiLRlBGUbIAoc="></latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

gNN
⌫

<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

C1,2
<latexit sha1_base64="muClqxizm1lR3YxxvT4H2GQYXOM=">AAAB7nicbVC7SgNBFL3jMyY+opY2g1GwkLAbCy2DaSwjmAckS5idzCZDZmeXmdlAWPIRNhaK2PoF/oB/YOeHaO3kUWjigQuHc+7l3nv8WHBtHOcTrayurW9sZrayue2d3b38/kFdR4mirEYjEammTzQTXLKa4UawZqwYCX3BGv6gMvEbQ6Y0j+SdGcXMC0lP8oBTYqzUqHRS97w07uQLTtGZAi8Td04K5ZOvt/dh7rvayX+0uxFNQiYNFUTrluvExkuJMpwKNs62E81iQgekx1qWShIy7aXTc8f41CpdHETKljR4qv6eSEmo9Sj0bWdITF8vehPxP6+VmODKS7mME8MknS0KEoFNhCe/4y5XjBoxsoRQxe2tmPaJItTYhLI2BHfx5WVSLxXdi6J7a9O4hhkycATHcAYuXEIZbqAKNaAwgHt4hCcUowf0jF5mrStoPnMIf4BefwAdcZMx</latexit>
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• Hard part of two EM currents 

• Non-hadronic part is the photon propagator 

• Hard part of two Weak currents 

• Leptonic part combines to boson propagator 

Relation to electromagnetism

LNV contact term
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<latexit sha1_base64="olUcHFKuHFKm7EeQ/0YuR8+ULqI="></latexit>
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<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>
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EM contact term
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q2
<latexit sha1_base64="6hCT7b+Dk/fFwXPiLRlBGUbIAoc="></latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

N
<latexit sha1_base64="j7YDDvFQaPiOFJJiHa8hogw7tjQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdLbQRgzZWkoC5QLKE2cnZZMzshZlZISx5AhsLRWz1YextxLdxklho4g8DH/9/DnPO8RPBlXacLyu3sLi0vJJftdfWNza3Cts7dRWnkmGNxSKWTZ8qFDzCmuZaYDORSENfYMMfXI7zxh1KxePoRg8T9ELai3jAGdXGql53CkWn5ExE5sH9geL5u32WvH3alU7ho92NWRpipJmgSrVcJ9FeRqXmTODIbqcKE8oGtIctgxENUXnZZNAROTBOlwSxNC/SZOL+7shoqNQw9E1lSHVfzWZj87+slerg1Mt4lKQaIzb9KEgF0TEZb026XCLTYmiAMsnNrIT1qaRMm9vY5gju7MrzUD8qucclt+oUyxcwVR72YB8OwYUTKMMVVKAGDBDu4RGerFvrwXq2XqalOeunZxf+yHr9BgcjkBI=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

q
<latexit sha1_base64="/h4SxvLvjLXfhVGvH1xZmzaJlrg=">AAAB6HicbVDJSgNBEK2JW4xb1KMijUHwFGb0oMegF48JmAWSIfR0apI2PYvdPUIYcvTkxYMiXv2KfIc3v8GfsLMcNPFBweO9KqrqebHgStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRUlkmGVRSKSDY8qFDzEquZaYCOWSANPYN3rX4/9+gNKxaPwVg9idAPaDbnPGdVGqty38wW7aE9AFokzI4XS4ajy/Xg0Krfzn61OxJIAQ80EVarp2LF2Uyo1ZwKHuVaiMKasT7vYNDSkASo3nRw6JCdG6RA/kqZCTSbq74mUBkoNAs90BlT31Lw3Fv/zmon2L92Uh3GiMWTTRX4iiI7I+GvS4RKZFgNDKJPc3EpYj0rKtMkmZ0Jw5l9eJLWzonNedComjSuYIgsHcAyn4MAFlOAGylAFBghP8AKv1p31bL1Z79PWjDWb2Yc/sD5+AMmYkJ8=</latexit>

The appearance of the photon propagator allows one to relate the two!

gNN
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<latexit sha1_base64="gfJ/9biL8vz/F1FdldfG/1tG6Qo=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tlgQhVbjTIpZBG6sQwXxgcoa9zV6yZG/v2N0TwpF/YSOiiK2/xNZO9Me4uaTQxAcDj/dmmJnnRZwpbdufVmZldW19I7uZ29re2d3L7x80VRhLQhsk5KFse1hRzgRtaKY5bUeS4sDjtOWNLqZ+645KxUJxrccRdQM8EMxnBGsj3Qx6XRHfJrXapJcv2mU7BVomzpwUq4XS91fl/bHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5SbpxRN0bJQ+8kNpSmiUqr8nEhwoNQ480xlgPVSL3lT8z+vE2j9zEyaiWFNBZov8mCMdoun7qM8kJZqPDcFEMnMrIkMsMdEmpJwJwVl8eZk0T8rOadm5MmmcwwxZOIIClMCBClThEurQAAIC7uEJni1lPVgv1uusNWPNZw7hD6y3H7/UlLA=</latexit>

C1,2
<latexit sha1_base64="muClqxizm1lR3YxxvT4H2GQYXOM=">AAAB7nicbVC7SgNBFL3jMyY+opY2g1GwkLAbCy2DaSwjmAckS5idzCZDZmeXmdlAWPIRNhaK2PoF/oB/YOeHaO3kUWjigQuHc+7l3nv8WHBtHOcTrayurW9sZrayue2d3b38/kFdR4mirEYjEammTzQTXLKa4UawZqwYCX3BGv6gMvEbQ6Y0j+SdGcXMC0lP8oBTYqzUqHRS97w07uQLTtGZAi8Td04K5ZOvt/dh7rvayX+0uxFNQiYNFUTrluvExkuJMpwKNs62E81iQgekx1qWShIy7aXTc8f41CpdHETKljR4qv6eSEmo9Sj0bWdITF8vehPxP6+VmODKS7mME8MknS0KEoFNhCe/4y5XjBoxsoRQxe2tmPaJItTYhLI2BHfx5WVSLxXdi6J7a9O4hhkycATHcAYuXEIZbqAKNaAwgHt4hCcUowf0jF5mrStoPnMIf4BefwAdcZMx</latexit>
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O1 = N̄QLN N̄QLN � TrQ2
L
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N̄~⌧N N̄~⌧N + (L ! R)

O2 = N̄QLN N̄QRN � TrQLQR

6
N̄~⌧N N̄~⌧N + (L $ R)

• Only two ΔI=2 operators can be induced 

u = exp (i⇡ · ⌧/2F⇡)

with spurions

Relation to electromagnetism
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Chiral symmetry 
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u = exp (i⇡ · ⌧/2F⇡)

with spurions

• Only two ΔI=2 operators can be induced 
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• ΔI=2 in NN scattering

• Charge-independence breaking 

• From photon exchange & the pion mass difference 

•                       (needed at LO in isospin breaking) C1 + C2

(ann + app)/2� anp

� C1 + C2

Relation to electromagnetism
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• ΔI=2 in NN scattering

• Charge-independence breaking 

• From photon exchange & the pion mass difference 

•                       (needed at LO in isospin breaking) C1 + C2

(ann + app)/2� anp

� C1 + C2

• Allows an estimate of  

• Extract                     from CIB  

• Assume 

• Roughly 10% effect for Rs = 0.6 fm 

• Uncontrolled error 

gNN
⌫ (µ) =

C1(µ) + C2(µ)

2

Relation to electromagnetism

C1 + C2

gNN
⌫
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• ΔI=2 in NN scattering

• Charge-independence breaking 

• From photon exchange & the pion mass difference 

•                       (needed at LO in isospin breaking) C1 + C2

(ann + app)/2� anp

� C1 + C2

• Allows an estimate of  

• Extract                     from CIB  

• Assume 

• Roughly 10% effect for Rs = 0.6 fm 

• Uncontrolled error 

C1 + C2
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⌫
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⌫ (µ) =

C1(µ) + C2(µ)
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Relation to electromagnetism
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Estimate of impact 
in light nuclei
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• Combine estimate 

• With wavefunctions: 

• From Chiral potential  

• Obtained from AV18 potential 

Estimate of impact 
Light nuclei

M. Piarulli et. al. ’16

R. Wiringa, Stoks, Schiavilla, ‘95

ΔI=2: 12Be → 12C

ΔI=0: 6He → 6Be 

g⌫ = (C1 + C2)/2
<latexit sha1_base64="CHGDOXRhG/rwKk+0V+eV8qNXaNY=">AAAB/HicbVBNS8NAEJ3Ur1q/qj16WSxCRahJFfQiFHvxWMF+QBvCZrttl242YXcjhFD/ihcPinj1h3jz37htc9Dqg4HHezPMzPMjzpS27S8rt7K6tr6R3yxsbe/s7hX3D9oqjCWhLRLyUHZ9rChngrY005x2I0lx4HPa8SeNmd95oFKxUNzrJKJugEeCDRnB2khesTTy+iJG16jS8JzThlc7Oat5xbJdtedAf4mTkTJkaHrFz/4gJHFAhSYcK9Vz7Ei7KZaaEU6nhX6saITJBI9oz1CBA6rcdH78FB0bZYCGoTQlNJqrPydSHCiVBL7pDLAeq2VvJv7n9WI9vHJTJqJYU0EWi4YxRzpEsyTQgElKNE8MwUQycysiYywx0SavggnBWX75L2nXqs55tXZ3Ua7fZHHk4RCOoAIOXEIdbqEJLSCQwBO8wKv1aD1bb9b7ojVnZTMl+AXr4xsT7pJz</latexit>

M. Piarulli, R. Wiringa, S. Pastore

gNN
⌫

<latexit sha1_base64="GeG/v8Jto32Yp+5Z7wngr2OY4ec=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxVOIYB6YrGF20kmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80jem3GMfkgHkvc5o8ZKD4NuRyaPabU66RaKbsmdgSwTLyNFyFDrFr46vYglIUrDBNW67bmx8VOqDGcCJ/lOojGmbEQH2LZU0hC1n84unpBTq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5NGueSdl8p3F8XKdRZHDo7hBM7Ag0uowC3UoA4MJDzDK7w52nlx3p2PeeuKk80cwR84nz+Sg5DZ</latexit>

V L
⌫

<latexit sha1_base64="D4MAo0aCz1atiVa4l/f/AYBToPU=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhEMB+QO8PeZi9Zsrt37u4FwpHfYWOhiK0/xs5/4ya5QhMfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKnjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+q0RVZrF8sGMExoI3JcsYgQbKwXNri/Tx8xXAt1NuqWyW3FnQMvEy0kZctS7pS+/F5NUUGkIx1p3PDcxQYaVYYTTSdFPNU0wGeI+7VgqsaA6yGZHT9CpVXooipUtadBM/T2RYaH1WIS2U2Az0IveVPzP66QmugoyJpPUUEnmi6KUIxOjaQKoxxQlho8twUQxeysiA6wwMTanog3BW3x5mTSrFe+8Ur2/KNeu8zgKcAwncAYeXEINbqEODSDwBM/wCm/OyHlx3p2PeeuKk88cwR84nz+IvJHx</latexit>

gNN
⌫

<latexit sha1_base64="GeG/v8Jto32Yp+5Z7wngr2OY4ec=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxVOIYB6YrGF20kmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80jem3GMfkgHkvc5o8ZKD4NuRyaPabU66RaKbsmdgSwTLyNFyFDrFr46vYglIUrDBNW67bmx8VOqDGcCJ/lOojGmbEQH2LZU0hC1n84unpBTq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5NGueSdl8p3F8XKdRZHDo7hBM7Ag0uowC3UoA4MJDzDK7w52nlx3p2PeeuKk80cwR84nz+Sg5DZ</latexit>

V L
⌫

<latexit sha1_base64="D4MAo0aCz1atiVa4l/f/AYBToPU=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhEMB+QO8PeZi9Zsrt37u4FwpHfYWOhiK0/xs5/4ya5QhMfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKnjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+q0RVZrF8sGMExoI3JcsYgQbKwXNri/Tx8xXAt1NuqWyW3FnQMvEy0kZctS7pS+/F5NUUGkIx1p3PDcxQYaVYYTTSdFPNU0wGeI+7VgqsaA6yGZHT9CpVXooipUtadBM/T2RYaH1WIS2U2Az0IveVPzP66QmugoyJpPUUEnmi6KUIxOjaQKoxxQlho8twUQxeysiA6wwMTanog3BW3x5mTSrFe+8Ur2/KNeu8zgKcAwncAYeXEINbqEODSDwBM/wCm/OyHlx3p2PeeuKk88cwR84nz+IvJHx</latexit>
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• Combine estimate 

• With wavefunctions: 

• From Chiral potential  

• Obtained from AV18 potential 

Estimate of impact 
Light nuclei

• ~10% effect in 6He → 6Be 

• ~60% effect in 12Be → 12C 

• Due to presence of a node 

• Feature in realistic 0νββ candidates

ΔI=2: 12Be → 12C

ΔI=0: 6He → 6Be 

g⌫ = (C1 + C2)/2
<latexit sha1_base64="CHGDOXRhG/rwKk+0V+eV8qNXaNY=">AAAB/HicbVBNS8NAEJ3Ur1q/qj16WSxCRahJFfQiFHvxWMF+QBvCZrttl242YXcjhFD/ihcPinj1h3jz37htc9Dqg4HHezPMzPMjzpS27S8rt7K6tr6R3yxsbe/s7hX3D9oqjCWhLRLyUHZ9rChngrY005x2I0lx4HPa8SeNmd95oFKxUNzrJKJugEeCDRnB2khesTTy+iJG16jS8JzThlc7Oat5xbJdtedAf4mTkTJkaHrFz/4gJHFAhSYcK9Vz7Ei7KZaaEU6nhX6saITJBI9oz1CBA6rcdH78FB0bZYCGoTQlNJqrPydSHCiVBL7pDLAeq2VvJv7n9WI9vHJTJqJYU0EWi4YxRzpEsyTQgElKNE8MwUQycysiYywx0SavggnBWX75L2nXqs55tXZ3Ua7fZHHk4RCOoAIOXEIdbqEJLSCQwBO8wKv1aD1bb9b7ojVnZTMl+AXr4xsT7pJz</latexit>

M. Piarulli, R. Wiringa, S. Pastore

gNN
⌫

<latexit sha1_base64="GeG/v8Jto32Yp+5Z7wngr2OY4ec=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxVOIYB6YrGF20kmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80jem3GMfkgHkvc5o8ZKD4NuRyaPabU66RaKbsmdgSwTLyNFyFDrFr46vYglIUrDBNW67bmx8VOqDGcCJ/lOojGmbEQH2LZU0hC1n84unpBTq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5NGueSdl8p3F8XKdRZHDo7hBM7Ag0uowC3UoA4MJDzDK7w52nlx3p2PeeuKk80cwR84nz+Sg5DZ</latexit>

V L
⌫

<latexit sha1_base64="D4MAo0aCz1atiVa4l/f/AYBToPU=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhEMB+QO8PeZi9Zsrt37u4FwpHfYWOhiK0/xs5/4ya5QhMfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKnjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+q0RVZrF8sGMExoI3JcsYgQbKwXNri/Tx8xXAt1NuqWyW3FnQMvEy0kZctS7pS+/F5NUUGkIx1p3PDcxQYaVYYTTSdFPNU0wGeI+7VgqsaA6yGZHT9CpVXooipUtadBM/T2RYaH1WIS2U2Az0IveVPzP66QmugoyJpPUUEnmi6KUIxOjaQKoxxQlho8twUQxeysiA6wwMTanog3BW3x5mTSrFe+8Ur2/KNeu8zgKcAwncAYeXEINbqEODSDwBM/wCm/OyHlx3p2PeeuKk88cwR84nz+IvJHx</latexit>
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<latexit sha1_base64="GeG/v8Jto32Yp+5Z7wngr2OY4ec=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxVOIYB6YrGF20kmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80jem3GMfkgHkvc5o8ZKD4NuRyaPabU66RaKbsmdgSwTLyNFyFDrFr46vYglIUrDBNW67bmx8VOqDGcCJ/lOojGmbEQH2LZU0hC1n84unpBTq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5NGueSdl8p3F8XKdRZHDo7hBM7Ag0uowC3UoA4MJDzDK7w52nlx3p2PeeuKk80cwR84nz+Sg5DZ</latexit>

V L
⌫

<latexit sha1_base64="D4MAo0aCz1atiVa4l/f/AYBToPU=">AAAB9HicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhEMB+QO8PeZi9Zsrt37u4FwpHfYWOhiK0/xs5/4ya5QhMfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKnjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLyZ+q0RVZrF8sGMExoI3JcsYgQbKwXNri/Tx8xXAt1NuqWyW3FnQMvEy0kZctS7pS+/F5NUUGkIx1p3PDcxQYaVYYTTSdFPNU0wGeI+7VgqsaA6yGZHT9CpVXooipUtadBM/T2RYaH1WIS2U2Az0IveVPzP66QmugoyJpPUUEnmi6KUIxOjaQKoxxQlho8twUQxeysiA6wwMTanog3BW3x5mTSrFe+8Ur2/KNeu8zgKcAwncAYeXEINbqEODSDwBM/wCm/OyHlx3p2PeeuKk88cwR84nz+IvJHx</latexit>
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R. Wiringa, Stoks, Schiavilla, ‘95
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• Combine estimate 

• With wavefunctions: 

• From Chiral potential  

• Obtained from AV18 potential 

Estimate of impact 
Light nuclei

• ~10% effect in 6He → 6Be 

• ~60% effect in 12Be → 12C 

• Due to presence of a node 

• Feature in realistic 0νββ candidates

ΔI=2: 12Be → 12C

ΔI=0: 6He → 6Be 

Uncontrolled error

g⌫ = (C1 + C2)/2
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M. Piarulli et. al. ’16

R. Wiringa, Stoks, Schiavilla, ‘95
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Example: 
The left-right model
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An example: LR model 
In Left-Right models:

• SM gauge symmetry is extended to

• Allows for parity or charge-conjugation to be restored at high energies

• Explains neutrino masses through the see-saw mechanism (Type-I & Type-II)

SU(2)R ⇥ SU(2)L ⇥ U(1)B�L
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An example: LR model 
In Left-Right models:

• SM gauge symmetry is extended to

• Allows for parity or charge-conjugation to be restored at high energies

• Explains neutrino masses through the see-saw mechanism (Type-I & Type-II)

SU(2)R ⇥ SU(2)L ⇥ U(1)B�L

• New Fields:
• Right-handed bosons
• Right-handed neutrinos
• Heavy new scalars

WR, ZR

�++
R

⌫R



W. Dekens, ACFI workshop, 12/9

An example: LR model 
In Left-Right models:

• SM gauge symmetry is extended to

• Allows for parity or charge-conjugation to be restored at high energies

• Explains neutrino masses through the see-saw mechanism (Type-I & Type-II)

SU(2)R ⇥ SU(2)L ⇥ U(1)B�L

• New Fields:
• Right-handed bosons
• Right-handed neutrinos
• Heavy new scalars

WR, ZR

�++
R

⌫R

Violates lepton number
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SU(3)xSU(2)xU(1) invariant EFT 

An example: LR model 

⌫R

H

⌫L ⌫L

H

⇠ ye = me/v

�L = 2

⌫L ⌫L

H H

mWR
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SU(3)xSU(2)xU(1) invariant EFT 

An example: LR model 

e�

WR
⌫R

u

d

H

⌫L⌫R

H

⌫L ⌫L

H

⇠ ye = me/v

�L = 2

⌫L ⌫L

H H ud

⌫L e

H

mWR
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SU(3)xSU(2)xU(1) invariant EFT 

An example: LR model 

e�

e�

WR

WR

⌫R

⌫R

e�

WR
⌫R

u

d

H

⌫L⌫R

H

⌫L ⌫L

H

⇠ ye = me/v

�L = 2

⌫L ⌫L

H H ud

⌫L e

H

e

ud

e

ud

mWR

e�

e�

WR

WR

�++
R
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SU(3)xSU(2)xU(1) invariant EFT 

An example: LR model 

e�

e�

WR

WR

⌫R

⌫R

e�

WR
⌫R

u

d

H

⌫L⌫R

H

⌫L ⌫L

H

⇠ ye = me/v

�L = 2

⌫L ⌫L

H H ud

⌫L e

H

e

ud

e

ud

mWR

⇠ y2e

⇣ v

⇤

⌘
⇠ ye

⇣ v

⇤

⌘3
⇠

⇣ v

⇤

⌘5
dim-5 dim-7 Dim-9

e�

e�

WR

WR

�++
R
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SU(3)xSU(2)xU(1) invariant EFT 

An example: LR model 

e�

e�

WR

WR

⌫R

⌫R

e�

WR
⌫R

u

d

H

⌫L⌫R

H

⌫L ⌫L

H

⇠ ye = me/v

�L = 2

⌫L ⌫L

H H ud

⌫L e

H

e

ud

e

ud

mWR

⇠ y2e

⇣ v

⇤

⌘
⇠ ye

⇣ v

⇤

⌘3
⇠

⇣ v

⇤

⌘5
dim-5 dim-7 Dim-9

Framework captures all terms 
Naively of similar size for 𝞚=1-10 TeV

e�

e�

WR

WR

�++
R
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• Assume right-handed neutrino mixing follows the PMNS matrix

An example: LR model 

10-4 10-3 10-2 10-1 1 10
10-4

10-3

10-2

10-1

1

m�
lightest (eV)

|m
��ef
f |
(e
V
)

Inverted Hierarchy

m��

LRM (�=mb/mt)
LRM (�=0)

10-4 10-3 10-2 10-1 1 10
10-4

10-3

10-2

10-1

1

m�
lightest (eV)

|m
��ef
f |
(e
V
)

Normal Hierarchy

m��

LRM (�=mb/mt)
LRM (�=0)

mWR = 4.5TeV, m⌫R = 10TeV, m�++
R

= 4TeV

• Mild effect on NH (due to dim-9)

• Negligible effect in IH case, dim-5 terms dominate
• Due to chiral suppression of the induced dim-6,7,9 operators
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• Assume right-handed neutrino mixing follows the PMNS matrix

An example: LR model 

• Large effect in both NH & IH

• Now dominated by dim-9 terms

mWR = 4.5TeV, m⌫R = 10GeV, m�++
R

= 4TeV

10-4 10-3 10-2 10-1 1 10
10-4

10-3

10-2

10-1

1

m�
lightest (eV)

|m
��ef
f |
(e
V
)

Normal Hierarchy

m��

LRM (�=mb/mt)
LRM (�=0)

10-4 10-3 10-2 10-1 1 10
10-4

10-3

10-2

10-1

1

m�
lightest (eV)

|m
��ef
f |
(e
V
)

Inverted Hierarchy

m��

LRM (�=mb/mt)
LRM (�=0)

Not excluded by collider searches

Subject to  
NME / LEC uncertainles 
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Sterile neutrinos 
 dependencemνR
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Sterile neutrinos 
 dependencemνR

mνR mW

<latexit sha1_base64="m+30f6Q5/j3LhpIrka+En0XKWaA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6DHoxWNE84BkCbOTTjJkZnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqhg0Wi1i3I2pQcIUNy63AdqKRykhgKxrfzvzWE2rDY/VoJwmGkg4VH3BGrZMeZK/VK5X9ij8HWSVBTsqQo94rfXX7MUslKssENaYT+IkNM6otZwKnxW5qMKFsTIfYcVRRiSbM5qdOyblT+mQQa1fKkrn6eyKj0piJjFynpHZklr2Z+J/XSe3gOsy4SlKLii0WDVJBbExmf5M+18ismDhCmebuVsJGVFNmXTpFF0Kw/PIqaV5Wgmqlel8t127yOApwCmdwAQFcQQ3uoA4NYDCEZ3iFN094L96797FoXfPymRP4A+/zBzbMjcI=</latexit>

⇤� ⇠ 1GeV

<latexit sha1_base64="nBxqfY02KMCAE9j/CzueKqXWl64=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQsqMFHRZdKELFxXsAzrDkMlk2tAkMyQZoQzdufFX3LhQxK2/4M6/MW1noa0HAodzzuXmnjBlVGnH+bZKS8srq2vl9crG5tb2jr2711ZJJjFp4YQlshsiRRgVpKWpZqSbSoJ4yEgnHF5N/M4DkYom4l6PUuJz1Bc0phhpIwX2oXdrwhEKPDygnqIcut4pzD3J4TVpjwO76tScKeAicQtSBQWagf3lRQnOOBEaM6RUz3VS7edIaooZGVe8TJEU4SHqk56hAnGi/Hx6xxgeGyWCcSLNExpO1d8TOeJKjXhokhzpgZr3JuJ/Xi/T8YWfU5Fmmgg8WxRnDOoETkqBEZUEazYyBGFJzV8hHiCJsDbVVUwJ7vzJi6R9VnPrtfpdvdq4LOoogwNwBE6AC85BA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifP2LZmF0=</latexit>

F⇡ ⇠ kF

⇠ 100MeV

<latexit sha1_base64="vCrqz0beodSiC70zBPX+ROHfxFE=">AAACDXicbZDLSsNAFIYnXmu8RV26GayCCymJFHRZFIoboYK9QCeEyXTaDp1JwsxEKKEv4MZXceNCEbfu3fk2TtMstPWHgY//nMOZ84cJZ0q77re1tLyyurZe2rA3t7Z3dp29/ZaKU0lok8Q8lp0QK8pZRJuaaU47iaRYhJy2w9H1tN5+oFKxOLrX44T6Ag8i1mcEa2MFznE9QAlDigk4CuoI2Tl6rovOYIakgLe0NQmcsltxc8FF8Aoog0KNwPlCvZikgkaacKxU13MT7WdYakY4ndgoVTTBZIQHtGswwoIqP8uvmcAT4/RgP5bmRRrm7u+JDAulxiI0nQLroZqvTc3/at1U9y/9jEVJqmlEZov6KYc6htNoYI9JSjQfG8BEMvNXSIZYYqJNgLYJwZs/eRFa5xWvWqneVcu1qyKOEjgER+AUeOAC1MANaIAmIOARPINX8GY9WS/Wu/Uxa12yipkD8EfW5w9vXJnk</latexit>

• Chiral EFT involving νR

e

e

⇡�

⇡�n p

e⌫L,R

<latexit sha1_base64="yLPyB4Rlh1ydTrBkrrwIEDGJU+0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFODrQM2lhYRDEfkhxhb7OXLNndO3b3hHDkV9hYKGLrz7Hz37hJrtDEBwOP92aYmRcmnGnjut9OYWV1bX2juFna2t7Z3SvvHzR1nCpCGyTmsWqHWFPOJG0YZjhtJ4piEXLaCkfXU7/1RJVmsXww44QGAg8kixjBxkqPXZn2stuz+0mvXHGr7gxomXg5qUCOeq/81e3HJBVUGsKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LJVYUB1ks4Mn6MQqfRTFypY0aKb+nsiw0HosQtspsBnqRW8q/ud1UhNdBhmTSWqoJPNFUcqRidH0e9RnihLDx5Zgopi9FZEhVpgYm1HJhuAtvrxMmudVz6/6d36ldpXHUYQjOIZT8OACanADdWgAAQHP8ApvjnJenHfnY95acPKZQ/gD5/MHhcaQOw==</latexit>

Can use 
EFT with  χ νR
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Sterile neutrinos 
 dependencemνR

mνR mW

<latexit sha1_base64="m+30f6Q5/j3LhpIrka+En0XKWaA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6DHoxWNE84BkCbOTTjJkZnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqhg0Wi1i3I2pQcIUNy63AdqKRykhgKxrfzvzWE2rDY/VoJwmGkg4VH3BGrZMeZK/VK5X9ij8HWSVBTsqQo94rfXX7MUslKssENaYT+IkNM6otZwKnxW5qMKFsTIfYcVRRiSbM5qdOyblT+mQQa1fKkrn6eyKj0piJjFynpHZklr2Z+J/XSe3gOsy4SlKLii0WDVJBbExmf5M+18ismDhCmebuVsJGVFNmXTpFF0Kw/PIqaV5Wgmqlel8t127yOApwCmdwAQFcQQ3uoA4NYDCEZ3iFN094L96797FoXfPymRP4A+/zBzbMjcI=</latexit>

⇤� ⇠ 1GeV

<latexit sha1_base64="nBxqfY02KMCAE9j/CzueKqXWl64=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQsqMFHRZdKELFxXsAzrDkMlk2tAkMyQZoQzdufFX3LhQxK2/4M6/MW1noa0HAodzzuXmnjBlVGnH+bZKS8srq2vl9crG5tb2jr2711ZJJjFp4YQlshsiRRgVpKWpZqSbSoJ4yEgnHF5N/M4DkYom4l6PUuJz1Bc0phhpIwX2oXdrwhEKPDygnqIcut4pzD3J4TVpjwO76tScKeAicQtSBQWagf3lRQnOOBEaM6RUz3VS7edIaooZGVe8TJEU4SHqk56hAnGi/Hx6xxgeGyWCcSLNExpO1d8TOeJKjXhokhzpgZr3JuJ/Xi/T8YWfU5Fmmgg8WxRnDOoETkqBEZUEazYyBGFJzV8hHiCJsDbVVUwJ7vzJi6R9VnPrtfpdvdq4LOoogwNwBE6AC85BA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifP2LZmF0=</latexit>

F⇡ ⇠ kF

⇠ 100MeV

<latexit sha1_base64="vCrqz0beodSiC70zBPX+ROHfxFE=">AAACDXicbZDLSsNAFIYnXmu8RV26GayCCymJFHRZFIoboYK9QCeEyXTaDp1JwsxEKKEv4MZXceNCEbfu3fk2TtMstPWHgY//nMOZ84cJZ0q77re1tLyyurZe2rA3t7Z3dp29/ZaKU0lok8Q8lp0QK8pZRJuaaU47iaRYhJy2w9H1tN5+oFKxOLrX44T6Ag8i1mcEa2MFznE9QAlDigk4CuoI2Tl6rovOYIakgLe0NQmcsltxc8FF8Aoog0KNwPlCvZikgkaacKxU13MT7WdYakY4ndgoVTTBZIQHtGswwoIqP8uvmcAT4/RgP5bmRRrm7u+JDAulxiI0nQLroZqvTc3/at1U9y/9jEVJqmlEZov6KYc6htNoYI9JSjQfG8BEMvNXSIZYYqJNgLYJwZs/eRFa5xWvWqneVcu1qyKOEjgER+AUeOAC1MANaIAmIOARPINX8GY9WS/Wu/Uxa12yipkD8EfW5w9vXJnk</latexit>

• Chiral EFT involving νR

e

e

⇡�

⇡�n p

e⌫L,R

<latexit sha1_base64="yLPyB4Rlh1ydTrBkrrwIEDGJU+0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFODrQM2lhYRDEfkhxhb7OXLNndO3b3hHDkV9hYKGLrz7Hz37hJrtDEBwOP92aYmRcmnGnjut9OYWV1bX2juFna2t7Z3SvvHzR1nCpCGyTmsWqHWFPOJG0YZjhtJ4piEXLaCkfXU7/1RJVmsXww44QGAg8kixjBxkqPXZn2stuz+0mvXHGr7gxomXg5qUCOeq/81e3HJBVUGsKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LJVYUB1ks4Mn6MQqfRTFypY0aKb+nsiw0HosQtspsBnqRW8q/ud1UhNdBhmTSWqoJPNFUcqRidH0e9RnihLDx5Zgopi9FZEhVpgYm1HJhuAtvrxMmudVz6/6d36ldpXHUYQjOIZT8OACanADdWgAAQHP8ApvjnJenHfnY95acPKZQ/gD5/MHhcaQOw==</latexit>

• Integrate out 

 Chiral EFT without 

νR

→ νR

e�

e�

⌫R

<latexit sha1_base64="AH6RnEitcUe6+CQbAQiEGFnwKiQ=">AAACAXicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cqpi20oWw2k3bpZhN2N0IJPfkDvOpP8CZe/SX+Av+G2zYHbX0w8Hhvhpl5QcqZ0o7zZZXW1jc2t8rblZ3dvf2D6uFRWyWZpOjRhCeyGxCFnAn0NNMcu6lEEgccO8H4ZuZ3HlEqlogHPUnRj8lQsIhRoo3k9UU2uB9Ua07dmcNeJW5BalCgNah+98OEZjEKTTlRquc6qfZzIjWjHKeVfqYwJXRMhtgzVJAYlZ/Pj53aZ0YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtIpJxl3OYZW0L+puo964a9Sa10VGZTiBUzgHFy6hCbfQAg8oMHiGF3i1nqw36936WLSWrGLmGP7A+vwBweKXfA==</latexit>

⌫R

<latexit sha1_base64="AH6RnEitcUe6+CQbAQiEGFnwKiQ=">AAACAXicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cqpi20oWw2k3bpZhN2N0IJPfkDvOpP8CZe/SX+Av+G2zYHbX0w8Hhvhpl5QcqZ0o7zZZXW1jc2t8rblZ3dvf2D6uFRWyWZpOjRhCeyGxCFnAn0NNMcu6lEEgccO8H4ZuZ3HlEqlogHPUnRj8lQsIhRoo3k9UU2uB9Ua07dmcNeJW5BalCgNah+98OEZjEKTTlRquc6qfZzIjWjHKeVfqYwJXRMhtgzVJAYlZ/Pj53aZ0YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtIpJxl3OYZW0L+puo964a9Sa10VGZTiBUzgHFy6hCbfQAg8oMHiGF3i1nqw36936WLSWrGLmGP7A+vwBweKXfA==</latexit>

e

ud

e

ud

Can integrate out   
dim9 operators 

νR →Can use 
EFT with  χ νR
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Sterile neutrinos 
 dependencemνR

mνR mW

<latexit sha1_base64="m+30f6Q5/j3LhpIrka+En0XKWaA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6DHoxWNE84BkCbOTTjJkZnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqhg0Wi1i3I2pQcIUNy63AdqKRykhgKxrfzvzWE2rDY/VoJwmGkg4VH3BGrZMeZK/VK5X9ij8HWSVBTsqQo94rfXX7MUslKssENaYT+IkNM6otZwKnxW5qMKFsTIfYcVRRiSbM5qdOyblT+mQQa1fKkrn6eyKj0piJjFynpHZklr2Z+J/XSe3gOsy4SlKLii0WDVJBbExmf5M+18ismDhCmebuVsJGVFNmXTpFF0Kw/PIqaV5Wgmqlel8t127yOApwCmdwAQFcQQ3uoA4NYDCEZ3iFN094L96797FoXfPymRP4A+/zBzbMjcI=</latexit>

⇤� ⇠ 1GeV

<latexit sha1_base64="nBxqfY02KMCAE9j/CzueKqXWl64=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQsqMFHRZdKELFxXsAzrDkMlk2tAkMyQZoQzdufFX3LhQxK2/4M6/MW1noa0HAodzzuXmnjBlVGnH+bZKS8srq2vl9crG5tb2jr2711ZJJjFp4YQlshsiRRgVpKWpZqSbSoJ4yEgnHF5N/M4DkYom4l6PUuJz1Bc0phhpIwX2oXdrwhEKPDygnqIcut4pzD3J4TVpjwO76tScKeAicQtSBQWagf3lRQnOOBEaM6RUz3VS7edIaooZGVe8TJEU4SHqk56hAnGi/Hx6xxgeGyWCcSLNExpO1d8TOeJKjXhokhzpgZr3JuJ/Xi/T8YWfU5Fmmgg8WxRnDOoETkqBEZUEazYyBGFJzV8hHiCJsDbVVUwJ7vzJi6R9VnPrtfpdvdq4LOoogwNwBE6AC85BA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifP2LZmF0=</latexit>

F⇡ ⇠ kF

⇠ 100MeV

<latexit sha1_base64="vCrqz0beodSiC70zBPX+ROHfxFE=">AAACDXicbZDLSsNAFIYnXmu8RV26GayCCymJFHRZFIoboYK9QCeEyXTaDp1JwsxEKKEv4MZXceNCEbfu3fk2TtMstPWHgY//nMOZ84cJZ0q77re1tLyyurZe2rA3t7Z3dp29/ZaKU0lok8Q8lp0QK8pZRJuaaU47iaRYhJy2w9H1tN5+oFKxOLrX44T6Ag8i1mcEa2MFznE9QAlDigk4CuoI2Tl6rovOYIakgLe0NQmcsltxc8FF8Aoog0KNwPlCvZikgkaacKxU13MT7WdYakY4ndgoVTTBZIQHtGswwoIqP8uvmcAT4/RgP5bmRRrm7u+JDAulxiI0nQLroZqvTc3/at1U9y/9jEVJqmlEZov6KYc6htNoYI9JSjQfG8BEMvNXSIZYYqJNgLYJwZs/eRFa5xWvWqneVcu1qyKOEjgER+AUeOAC1MANaIAmIOARPINX8GY9WS/Wu/Uxa12yipkD8EfW5w9vXJnk</latexit>

• Chiral EFT involving νR

e

e

⇡�

⇡�n p

e⌫L,R

<latexit sha1_base64="yLPyB4Rlh1ydTrBkrrwIEDGJU+0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFODrQM2lhYRDEfkhxhb7OXLNndO3b3hHDkV9hYKGLrz7Hz37hJrtDEBwOP92aYmRcmnGnjut9OYWV1bX2juFna2t7Z3SvvHzR1nCpCGyTmsWqHWFPOJG0YZjhtJ4piEXLaCkfXU7/1RJVmsXww44QGAg8kixjBxkqPXZn2stuz+0mvXHGr7gxomXg5qUCOeq/81e3HJBVUGsKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LJVYUB1ks4Mn6MQqfRTFypY0aKb+nsiw0HosQtspsBnqRW8q/ud1UhNdBhmTSWqoJPNFUcqRidH0e9RnihLDx5Zgopi9FZEhVpgYm1HJhuAtvrxMmudVz6/6d36ldpXHUYQjOIZT8OACanADdWgAAQHP8ApvjnJenHfnY95acPKZQ/gD5/MHhcaQOw==</latexit>

• Integrate out 

 Chiral EFT without 

νR

→ νR

e�

e�

⌫R

<latexit sha1_base64="AH6RnEitcUe6+CQbAQiEGFnwKiQ=">AAACAXicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cqpi20oWw2k3bpZhN2N0IJPfkDvOpP8CZe/SX+Av+G2zYHbX0w8Hhvhpl5QcqZ0o7zZZXW1jc2t8rblZ3dvf2D6uFRWyWZpOjRhCeyGxCFnAn0NNMcu6lEEgccO8H4ZuZ3HlEqlogHPUnRj8lQsIhRoo3k9UU2uB9Ua07dmcNeJW5BalCgNah+98OEZjEKTTlRquc6qfZzIjWjHKeVfqYwJXRMhtgzVJAYlZ/Pj53aZ0YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtIpJxl3OYZW0L+puo964a9Sa10VGZTiBUzgHFy6hCbfQAg8oMHiGF3i1nqw36936WLSWrGLmGP7A+vwBweKXfA==</latexit>

⌫R

<latexit sha1_base64="AH6RnEitcUe6+CQbAQiEGFnwKiQ=">AAACAXicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cqpi20oWw2k3bpZhN2N0IJPfkDvOpP8CZe/SX+Av+G2zYHbX0w8Hhvhpl5QcqZ0o7zZZXW1jc2t8rblZ3dvf2D6uFRWyWZpOjRhCeyGxCFnAn0NNMcu6lEEgccO8H4ZuZ3HlEqlogHPUnRj8lQsIhRoo3k9UU2uB9Ua07dmcNeJW5BalCgNah+98OEZjEKTTlRquc6qfZzIjWjHKeVfqYwJXRMhtgzVJAYlZ/Pj53aZ0YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtIpJxl3OYZW0L+puo964a9Sa10VGZTiBUzgHFy6hCbfQAg8oMHiGF3i1nqw36936WLSWrGLmGP7A+vwBweKXfA==</latexit>

e

ud

e

ud

Can integrate out   
dim9 operators 

νR →
?? ?? 

• Neither EFT works well here

• Missing operators ~ 
• Loop corrections ~ 

Λχ /mνR
mνR

/Λχ

Can use 
EFT with  χ νR
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• Integrate out 

 Chiral EFT without 

νR

→ νR

• Chiral EFT involving νR

Sterile neutrinos 
 dependencemνR

mνR mW

<latexit sha1_base64="m+30f6Q5/j3LhpIrka+En0XKWaA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6DHoxWNE84BkCbOTTjJkZnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqhg0Wi1i3I2pQcIUNy63AdqKRykhgKxrfzvzWE2rDY/VoJwmGkg4VH3BGrZMeZK/VK5X9ij8HWSVBTsqQo94rfXX7MUslKssENaYT+IkNM6otZwKnxW5qMKFsTIfYcVRRiSbM5qdOyblT+mQQa1fKkrn6eyKj0piJjFynpHZklr2Z+J/XSe3gOsy4SlKLii0WDVJBbExmf5M+18ismDhCmebuVsJGVFNmXTpFF0Kw/PIqaV5Wgmqlel8t127yOApwCmdwAQFcQQ3uoA4NYDCEZ3iFN094L96797FoXfPymRP4A+/zBzbMjcI=</latexit>

⇤� ⇠ 1GeV

<latexit sha1_base64="nBxqfY02KMCAE9j/CzueKqXWl64=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQsqMFHRZdKELFxXsAzrDkMlk2tAkMyQZoQzdufFX3LhQxK2/4M6/MW1noa0HAodzzuXmnjBlVGnH+bZKS8srq2vl9crG5tb2jr2711ZJJjFp4YQlshsiRRgVpKWpZqSbSoJ4yEgnHF5N/M4DkYom4l6PUuJz1Bc0phhpIwX2oXdrwhEKPDygnqIcut4pzD3J4TVpjwO76tScKeAicQtSBQWagf3lRQnOOBEaM6RUz3VS7edIaooZGVe8TJEU4SHqk56hAnGi/Hx6xxgeGyWCcSLNExpO1d8TOeJKjXhokhzpgZr3JuJ/Xi/T8YWfU5Fmmgg8WxRnDOoETkqBEZUEazYyBGFJzV8hHiCJsDbVVUwJ7vzJi6R9VnPrtfpdvdq4LOoogwNwBE6AC85BA9yAJmgBDB7BM3gFb9aT9WK9Wx+zaMkqZvbBH1ifP2LZmF0=</latexit>

F⇡ ⇠ kF

⇠ 100MeV

<latexit sha1_base64="vCrqz0beodSiC70zBPX+ROHfxFE=">AAACDXicbZDLSsNAFIYnXmu8RV26GayCCymJFHRZFIoboYK9QCeEyXTaDp1JwsxEKKEv4MZXceNCEbfu3fk2TtMstPWHgY//nMOZ84cJZ0q77re1tLyyurZe2rA3t7Z3dp29/ZaKU0lok8Q8lp0QK8pZRJuaaU47iaRYhJy2w9H1tN5+oFKxOLrX44T6Ag8i1mcEa2MFznE9QAlDigk4CuoI2Tl6rovOYIakgLe0NQmcsltxc8FF8Aoog0KNwPlCvZikgkaacKxU13MT7WdYakY4ndgoVTTBZIQHtGswwoIqP8uvmcAT4/RgP5bmRRrm7u+JDAulxiI0nQLroZqvTc3/at1U9y/9jEVJqmlEZov6KYc6htNoYI9JSjQfG8BEMvNXSIZYYqJNgLYJwZs/eRFa5xWvWqneVcu1qyKOEjgER+AUeOAC1MANaIAmIOARPINX8GY9WS/Wu/Uxa12yipkD8EfW5w9vXJnk</latexit>

Can use 
EFT with  χ νR

Can integrate out   
dim9 operators 

νR →
?? ?? 

e

e

⇡�

⇡�n p

e⌫L,R

<latexit sha1_base64="yLPyB4Rlh1ydTrBkrrwIEDGJU+0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFODrQM2lhYRDEfkhxhb7OXLNndO3b3hHDkV9hYKGLrz7Hz37hJrtDEBwOP92aYmRcmnGnjut9OYWV1bX2juFna2t7Z3SvvHzR1nCpCGyTmsWqHWFPOJG0YZjhtJ4piEXLaCkfXU7/1RJVmsXww44QGAg8kixjBxkqPXZn2stuz+0mvXHGr7gxomXg5qUCOeq/81e3HJBVUGsKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LJVYUB1ks4Mn6MQqfRTFypY0aKb+nsiw0HosQtspsBnqRW8q/ud1UhNdBhmTSWqoJPNFUcqRidH0e9RnihLDx5Zgopi9FZEhVpgYm1HJhuAtvrxMmudVz6/6d36ldpXHUYQjOIZT8OACanADdWgAAQHP8ApvjnJenHfnY95acPKZQ/gD5/MHhcaQOw==</latexit>

e�

e�

⌫R

<latexit sha1_base64="AH6RnEitcUe6+CQbAQiEGFnwKiQ=">AAACAXicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cqpi20oWw2k3bpZhN2N0IJPfkDvOpP8CZe/SX+Av+G2zYHbX0w8Hhvhpl5QcqZ0o7zZZXW1jc2t8rblZ3dvf2D6uFRWyWZpOjRhCeyGxCFnAn0NNMcu6lEEgccO8H4ZuZ3HlEqlogHPUnRj8lQsIhRoo3k9UU2uB9Ua07dmcNeJW5BalCgNah+98OEZjEKTTlRquc6qfZzIjWjHKeVfqYwJXRMhtgzVJAYlZ/Pj53aZ0YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtIpJxl3OYZW0L+puo964a9Sa10VGZTiBUzgHFy6hCbfQAg8oMHiGF3i1nqw36936WLSWrGLmGP7A+vwBweKXfA==</latexit>

⌫R

<latexit sha1_base64="AH6RnEitcUe6+CQbAQiEGFnwKiQ=">AAACAXicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0GPRi8cqpi20oWw2k3bpZhN2N0IJPfkDvOpP8CZe/SX+Av+G2zYHbX0w8Hhvhpl5QcqZ0o7zZZXW1jc2t8rblZ3dvf2D6uFRWyWZpOjRhCeyGxCFnAn0NNMcu6lEEgccO8H4ZuZ3HlEqlogHPUnRj8lQsIhRoo3k9UU2uB9Ua07dmcNeJW5BalCgNah+98OEZjEKTTlRquc6qfZzIjWjHKeVfqYwJXRMhtgzVJAYlZ/Pj53aZ0YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtIpJxl3OYZW0L+puo964a9Sa10VGZTiBUzgHFy6hCbfQAg8oMHiGF3i1nqw36936WLSWrGLmGP7A+vwBweKXfA==</latexit>

e

ud

e

ud

• Neither EFT works well here

• Missing operators ~ 
• Loop corrections ~ 

Λχ /mνR
mνR

/Λχ

Interpolate
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Low energy  
constants
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LECs  
C(6)

SL,SR
<latexit sha1_base64="CaSYBPU2IR+30lRZNSURhJiZ2+8=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0WoICWpoi6L3bhwUa19QBvDZDpph04mYWYi1JAvceNCEbd+ijv/xmmbhbYeuHA4517uvceLGJXKsr6NpeWV1bX13EZ+c2t7p2Du7rVkGAtMmjhkoeh4SBJGOWkqqhjpRIKgwGOk7Y1qE7/9SISkIb9X44g4ARpw6lOMlJZcs1Bzk8bNSeMufUhK58epaxatsjUFXCR2RoogQ901v3r9EMcB4QozJGXXtiLlJEgoihlJ871YkgjhERqQrqYcBUQ6yfTwFB5ppQ/9UOjiCk7V3xMJCqQcB57uDJAaynlvIv7ndWPlXzoJ5VGsCMezRX7MoArhJAXYp4JgxcaaICyovhXiIRIIK51VXodgz7+8SFqVsn1artyeFatXWRw5cAAOQQnY4AJUwTWogybAIAbP4BW8GU/Gi/FufMxal4xsZh/8gfH5A0Alkiw=</latexit>

C(6)
V L

<latexit sha1_base64="c6TAoVQgaT5/RbSnxMqsfXFiwNc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSinos9uLBQwX7AW0sm+2mXbrZhN2NUEL+hhcPinj1z3jz37htc9DWBwOP92aYmedFnClt299Wbm19Y3Mrv13Y2d3bPygeHrVVGEtCWyTkoex6WFHOBG1ppjntRpLiwOO0400aM7/zRKVioXjQ04i6AR4J5jOCtZH6jUHSvksfk/LleTooluyKPQdaJU5GSpChOSh+9YchiQMqNOFYqZ5jR9pNsNSMcJoW+rGiESYTPKI9QwUOqHKT+c0pOjPKEPmhNCU0mqu/JxIcKDUNPNMZYD1Wy95M/M/rxdq/dhMmolhTQRaL/JgjHaJZAGjIJCWaTw3BRDJzKyJjLDHRJqaCCcFZfnmVtKsVp1ap3l+U6jdZHHk4gVMogwNXUIdbaEILCETwDK/wZsXWi/VufSxac1Y2cwx/YH3+ABWokQ8=</latexit>

C(6)
V R

<latexit sha1_base64="c1gg6VYXMyW6ypCZNPIoxHP2PiI=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF9KCUY9ELh7RyEcClWyXLWzYbpvdrQlp+je8eNAYr/4Zb/4bF+hBwZdM8vLeTGbmeRFnStv2t5VbW9/Y3MpvF3Z29/YPiodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k8bM7zxRqVgoHvQ0om6AR4L5jGBtpH5jkLTv08ekfHmeDoolu2LPgVaJk5ESZGgOil/9YUjigApNOFaq59iRdhMsNSOcpoV+rGiEyQSPaM9QgQOq3GR+c4rOjDJEfihNCY3m6u+JBAdKTQPPdAZYj9WyNxP/83qx9q/dhIko1lSQxSI/5kiHaBYAGjJJieZTQzCRzNyKyBhLTLSJqWBCcJZfXiXtasWpVap3F6X6TRZHHk7gFMrgwBXU4Raa0AICETzDK7xZsfVivVsfi9aclc0cwx9Ynz8e6pEV</latexit>

C(6)
T

<latexit sha1_base64="wNxiHjRk3SbraUeVBM0+dsTANCI=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRV1GOxF48V+gVpLJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMviDnT4Djf1tr6xubWdmGnuLu3f3BYOjruaJkoQttEcql6AdaUM0HbwIDTXqwojgJOu8GkMfO7T1RpJkULpjH1IzwSLGQEg5G8xiBtZY9p5foiG5TKTtWZw14lbk7KKEdzUPrqDyVJIiqAcKy15zox+ClWwAinWbGfaBpjMsEj6hkqcES1n85PzuxzowztUCpTAuy5+nsixZHW0ygwnRGGsV72ZuJ/npdAeOunTMQJUEEWi8KE2yDt2f/2kClKgE8NwUQxc6tNxlhhAialognBXX55lXRqVfeyWnu4Ktfv8jgK6BSdoQpy0Q2qo3vURG1EkETP6BW9WWC9WO/Wx6J1zcpnTtAfWJ8/dtSQtw==</latexit>

C(7)
V L,V R

<latexit sha1_base64="XHFj6+B+xzNHfRT4cXNYI3J+IuI=">AAAB+HicbVBNS8NAEN34WetHox69LBahgpSkCvVY7MWDhyo2LbQxbLabdulmE3Y3Qg35JV48KOLVn+LNf+O2zUFbHww83pthZp4fMyqVZX0bK6tr6xubha3i9s7uXsncP3BklAhM2jhikej6SBJGOWkrqhjpxoKg0Gek44+bU7/zSISkEb9Xk5i4IRpyGlCMlJY8s9T0UufmzLnLHtJK/TTzzLJVtWaAy8TOSRnkaHnmV38Q4SQkXGGGpOzZVqzcFAlFMSNZsZ9IEiM8RkPS05SjkEg3nR2ewROtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8XqKCSzelPE4U4Xi+KEgYVBGcpgAHVBCs2EQThAXVt0I8QgJhpbMq6hDsxZeXiVOr2ufV2u1FuXGVx1EAR+AYVIAN6qABrkELtAEGCXgGr+DNeDJejHfjY966YuQzh+APjM8fSvySMw==</latexit>

Dimension 6 Dimension 7

⌫L e

uL
<latexit sha1_base64="9E1DNHCdd4HYtaYgMWR1ZTvFyRo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWekh7d71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDMViNvA==</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

⌫L e

uR
<latexit sha1_base64="T4QgLkN9/FInulqWKSoKSInPGbo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh7R33yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wc6cI3C</latexit>

dR
<latexit sha1_base64="lL1UqOQGqULz/N8dgpdt6P1hGYo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmZne5Mhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8HwZuq3nlBpnshHM0rRj2lf8ogzaqz0EPbue6WyW3FnIMvEy0kZctR7pa9umLAsRmmYoFp3PDc1/pgqw5nASbGbaUwpG9I+diyVNEbtj2enTsipVUISJcqWNGSm/p4Y01jrURzYzpiagV70puJ/Xicz0ZU/5jLNDEo2XxRlgpiETP8mIVfIjBhZQpni9lbCBlRRZmw6RRuCt/jyMmlWK955pXp3Ua5d53EU4BhO4Aw8uIQa3EIdGsCgD8/wCm+OcF6cd+dj3rri5DNH8AfO5w8gio2x</latexit>

⌫L e

uR
<latexit sha1_base64="T4QgLkN9/FInulqWKSoKSInPGbo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh7R33yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wc6cI3C</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

⌫L e

uR
<latexit sha1_base64="T4QgLkN9/FInulqWKSoKSInPGbo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh7R33yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wc6cI3C</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit> ud

⌫L e
⇥@µ

<latexit sha1_base64="uR2hV3WEHww3pum5oK2YkYmlVw0=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSlIFXRbduKxgH9CEMJlO2qEzkzBzI5bQX3HjQhG3/og7/8ZJm4W2Hhg4nHNfc6KUMw2u+22trW9sbm1Xdqq7e/sHh/ZRrauTTBHaIQlPVD/CmnImaQcYcNpPFcUi4rQXTW4Lv/dIlWaJfIBpSgOBR5LFjGAwUmjXfGCCaj/FChjmoS+y0K67DXcOZ5V4JamjEu3Q/vKHCckElUA41nrguSkEeTGRcDqr+pmmKSYTPKIDQyU2C4N8fvvMOTPK0IkTZZ4EZ67+7six0HoqIlMpMIz1sleI/3mDDOLrIGcyzYBKslgUZ9yBxCmCcIZMUQJ8aggmiplbHTLGChMwcVVNCN7yl1dJt9nwLhrN+8t666aMo4JO0Ck6Rx66Qi10h9qogwh6Qs/oFb1ZM+vFerc+FqVrVtlzjP7A+vwBkROUxw==</latexit>
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LECs  
C(6)

SL,SR
<latexit sha1_base64="CaSYBPU2IR+30lRZNSURhJiZ2+8=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0WoICWpoi6L3bhwUa19QBvDZDpph04mYWYi1JAvceNCEbd+ijv/xmmbhbYeuHA4517uvceLGJXKsr6NpeWV1bX13EZ+c2t7p2Du7rVkGAtMmjhkoeh4SBJGOWkqqhjpRIKgwGOk7Y1qE7/9SISkIb9X44g4ARpw6lOMlJZcs1Bzk8bNSeMufUhK58epaxatsjUFXCR2RoogQ901v3r9EMcB4QozJGXXtiLlJEgoihlJ871YkgjhERqQrqYcBUQ6yfTwFB5ppQ/9UOjiCk7V3xMJCqQcB57uDJAaynlvIv7ndWPlXzoJ5VGsCMezRX7MoArhJAXYp4JgxcaaICyovhXiIRIIK51VXodgz7+8SFqVsn1artyeFatXWRw5cAAOQQnY4AJUwTWogybAIAbP4BW8GU/Gi/FufMxal4xsZh/8gfH5A0Alkiw=</latexit>

C(6)
V L

<latexit sha1_base64="c6TAoVQgaT5/RbSnxMqsfXFiwNc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSinos9uLBQwX7AW0sm+2mXbrZhN2NUEL+hhcPinj1z3jz37htc9DWBwOP92aYmedFnClt299Wbm19Y3Mrv13Y2d3bPygeHrVVGEtCWyTkoex6WFHOBG1ppjntRpLiwOO0400aM7/zRKVioXjQ04i6AR4J5jOCtZH6jUHSvksfk/LleTooluyKPQdaJU5GSpChOSh+9YchiQMqNOFYqZ5jR9pNsNSMcJoW+rGiESYTPKI9QwUOqHKT+c0pOjPKEPmhNCU0mqu/JxIcKDUNPNMZYD1Wy95M/M/rxdq/dhMmolhTQRaL/JgjHaJZAGjIJCWaTw3BRDJzKyJjLDHRJqaCCcFZfnmVtKsVp1ap3l+U6jdZHHk4gVMogwNXUIdbaEILCETwDK/wZsXWi/VufSxac1Y2cwx/YH3+ABWokQ8=</latexit>

C(6)
V R

<latexit sha1_base64="c1gg6VYXMyW6ypCZNPIoxHP2PiI=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF9KCUY9ELh7RyEcClWyXLWzYbpvdrQlp+je8eNAYr/4Zb/4bF+hBwZdM8vLeTGbmeRFnStv2t5VbW9/Y3MpvF3Z29/YPiodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k8bM7zxRqVgoHvQ0om6AR4L5jGBtpH5jkLTv08ekfHmeDoolu2LPgVaJk5ESZGgOil/9YUjigApNOFaq59iRdhMsNSOcpoV+rGiEyQSPaM9QgQOq3GR+c4rOjDJEfihNCY3m6u+JBAdKTQPPdAZYj9WyNxP/83qx9q/dhIko1lSQxSI/5kiHaBYAGjJJieZTQzCRzNyKyBhLTLSJqWBCcJZfXiXtasWpVap3F6X6TRZHHk7gFMrgwBXU4Raa0AICETzDK7xZsfVivVsfi9aclc0cwx9Ynz8e6pEV</latexit>

C(6)
T

<latexit sha1_base64="wNxiHjRk3SbraUeVBM0+dsTANCI=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRV1GOxF48V+gVpLJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMviDnT4Djf1tr6xubWdmGnuLu3f3BYOjruaJkoQttEcql6AdaUM0HbwIDTXqwojgJOu8GkMfO7T1RpJkULpjH1IzwSLGQEg5G8xiBtZY9p5foiG5TKTtWZw14lbk7KKEdzUPrqDyVJIiqAcKy15zox+ClWwAinWbGfaBpjMsEj6hkqcES1n85PzuxzowztUCpTAuy5+nsixZHW0ygwnRGGsV72ZuJ/npdAeOunTMQJUEEWi8KE2yDt2f/2kClKgE8NwUQxc6tNxlhhAialognBXX55lXRqVfeyWnu4Ktfv8jgK6BSdoQpy0Q2qo3vURG1EkETP6BW9WWC9WO/Wx6J1zcpnTtAfWJ8/dtSQtw==</latexit>

C(7)
V L,V R

<latexit sha1_base64="XHFj6+B+xzNHfRT4cXNYI3J+IuI=">AAAB+HicbVBNS8NAEN34WetHox69LBahgpSkCvVY7MWDhyo2LbQxbLabdulmE3Y3Qg35JV48KOLVn+LNf+O2zUFbHww83pthZp4fMyqVZX0bK6tr6xubha3i9s7uXsncP3BklAhM2jhikej6SBJGOWkrqhjpxoKg0Gek44+bU7/zSISkEb9Xk5i4IRpyGlCMlJY8s9T0UufmzLnLHtJK/TTzzLJVtWaAy8TOSRnkaHnmV38Q4SQkXGGGpOzZVqzcFAlFMSNZsZ9IEiM8RkPS05SjkEg3nR2ewROtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8XqKCSzelPE4U4Xi+KEgYVBGcpgAHVBCs2EQThAXVt0I8QgJhpbMq6hDsxZeXiVOr2ufV2u1FuXGVx1EAR+AYVIAN6qABrkELtAEGCXgGr+DNeDJejHfjY966YuQzh+APjM8fSvySMw==</latexit>

Dimension 6 Dimension 7

⌫L e

uL
<latexit sha1_base64="9E1DNHCdd4HYtaYgMWR1ZTvFyRo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWekh7d71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDMViNvA==</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

⌫L e

uR
<latexit sha1_base64="T4QgLkN9/FInulqWKSoKSInPGbo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh7R33yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wc6cI3C</latexit>

dR
<latexit sha1_base64="lL1UqOQGqULz/N8dgpdt6P1hGYo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmZne5Mhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8HwZuq3nlBpnshHM0rRj2lf8ogzaqz0EPbue6WyW3FnIMvEy0kZctR7pa9umLAsRmmYoFp3PDc1/pgqw5nASbGbaUwpG9I+diyVNEbtj2enTsipVUISJcqWNGSm/p4Y01jrURzYzpiagV70puJ/Xicz0ZU/5jLNDEo2XxRlgpiETP8mIVfIjBhZQpni9lbCBlRRZmw6RRuCt/jyMmlWK955pXp3Ua5d53EU4BhO4Aw8uIQa3EIdGsCgD8/wCm+OcF6cd+dj3rri5DNH8AfO5w8gio2x</latexit>

⌫L e

uR
<latexit sha1_base64="T4QgLkN9/FInulqWKSoKSInPGbo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh7R33yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wc6cI3C</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

⌫L e

uR
<latexit sha1_base64="T4QgLkN9/FInulqWKSoKSInPGbo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh7R33yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wc6cI3C</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit> ud

⌫L e
⇥@µ

<latexit sha1_base64="uR2hV3WEHww3pum5oK2YkYmlVw0=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSlIFXRbduKxgH9CEMJlO2qEzkzBzI5bQX3HjQhG3/og7/8ZJm4W2Hhg4nHNfc6KUMw2u+22trW9sbm1Xdqq7e/sHh/ZRrauTTBHaIQlPVD/CmnImaQcYcNpPFcUi4rQXTW4Lv/dIlWaJfIBpSgOBR5LFjGAwUmjXfGCCaj/FChjmoS+y0K67DXcOZ5V4JamjEu3Q/vKHCckElUA41nrguSkEeTGRcDqr+pmmKSYTPKIDQyU2C4N8fvvMOTPK0IkTZZ4EZ67+7six0HoqIlMpMIz1sleI/3mDDOLrIGcyzYBKslgUZ9yBxCmCcIZMUQJ8aggmiplbHTLGChMwcVVNCN7yl1dJt9nwLhrN+8t666aMo4JO0Ck6Rx66Qi10h9qogwh6Qs/oFb1ZM+vFerc+FqVrVtlzjP7A+vwBkROUxw==</latexit>
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C(6)
SL,SR

<latexit sha1_base64="CaSYBPU2IR+30lRZNSURhJiZ2+8=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0WoICWpoi6L3bhwUa19QBvDZDpph04mYWYi1JAvceNCEbd+ijv/xmmbhbYeuHA4517uvceLGJXKsr6NpeWV1bX13EZ+c2t7p2Du7rVkGAtMmjhkoeh4SBJGOWkqqhjpRIKgwGOk7Y1qE7/9SISkIb9X44g4ARpw6lOMlJZcs1Bzk8bNSeMufUhK58epaxatsjUFXCR2RoogQ901v3r9EMcB4QozJGXXtiLlJEgoihlJ871YkgjhERqQrqYcBUQ6yfTwFB5ppQ/9UOjiCk7V3xMJCqQcB57uDJAaynlvIv7ndWPlXzoJ5VGsCMezRX7MoArhJAXYp4JgxcaaICyovhXiIRIIK51VXodgz7+8SFqVsn1artyeFatXWRw5cAAOQQnY4AJUwTWogybAIAbP4BW8GU/Gi/FufMxal4xsZh/8gfH5A0Alkiw=</latexit>

C(6)
V L

<latexit sha1_base64="c6TAoVQgaT5/RbSnxMqsfXFiwNc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSinos9uLBQwX7AW0sm+2mXbrZhN2NUEL+hhcPinj1z3jz37htc9DWBwOP92aYmedFnClt299Wbm19Y3Mrv13Y2d3bPygeHrVVGEtCWyTkoex6WFHOBG1ppjntRpLiwOO0400aM7/zRKVioXjQ04i6AR4J5jOCtZH6jUHSvksfk/LleTooluyKPQdaJU5GSpChOSh+9YchiQMqNOFYqZ5jR9pNsNSMcJoW+rGiESYTPKI9QwUOqHKT+c0pOjPKEPmhNCU0mqu/JxIcKDUNPNMZYD1Wy95M/M/rxdq/dhMmolhTQRaL/JgjHaJZAGjIJCWaTw3BRDJzKyJjLDHRJqaCCcFZfnmVtKsVp1ap3l+U6jdZHHk4gVMogwNXUIdbaEILCETwDK/wZsXWi/VufSxac1Y2cwx/YH3+ABWokQ8=</latexit>

C(6)
V R

<latexit sha1_base64="c1gg6VYXMyW6ypCZNPIoxHP2PiI=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF9KCUY9ELh7RyEcClWyXLWzYbpvdrQlp+je8eNAYr/4Zb/4bF+hBwZdM8vLeTGbmeRFnStv2t5VbW9/Y3MpvF3Z29/YPiodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k8bM7zxRqVgoHvQ0om6AR4L5jGBtpH5jkLTv08ekfHmeDoolu2LPgVaJk5ESZGgOil/9YUjigApNOFaq59iRdhMsNSOcpoV+rGiEyQSPaM9QgQOq3GR+c4rOjDJEfihNCY3m6u+JBAdKTQPPdAZYj9WyNxP/83qx9q/dhIko1lSQxSI/5kiHaBYAGjJJieZTQzCRzNyKyBhLTLSJqWBCcJZfXiXtasWpVap3F6X6TRZHHk7gFMrgwBXU4Raa0AICETzDK7xZsfVivVsfi9aclc0cwx9Ynz8e6pEV</latexit>

C(6)
T

<latexit sha1_base64="wNxiHjRk3SbraUeVBM0+dsTANCI=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRV1GOxF48V+gVpLJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMviDnT4Djf1tr6xubWdmGnuLu3f3BYOjruaJkoQttEcql6AdaUM0HbwIDTXqwojgJOu8GkMfO7T1RpJkULpjH1IzwSLGQEg5G8xiBtZY9p5foiG5TKTtWZw14lbk7KKEdzUPrqDyVJIiqAcKy15zox+ClWwAinWbGfaBpjMsEj6hkqcES1n85PzuxzowztUCpTAuy5+nsixZHW0ygwnRGGsV72ZuJ/npdAeOunTMQJUEEWi8KE2yDt2f/2kClKgE8NwUQxc6tNxlhhAialognBXX55lXRqVfeyWnu4Ktfv8jgK6BSdoQpy0Q2qo3vURG1EkETP6BW9WWC9WO/Wx6J1zcpnTtAfWJ8/dtSQtw==</latexit>

C(7)
V L,V R

<latexit sha1_base64="XHFj6+B+xzNHfRT4cXNYI3J+IuI=">AAAB+HicbVBNS8NAEN34WetHox69LBahgpSkCvVY7MWDhyo2LbQxbLabdulmE3Y3Qg35JV48KOLVn+LNf+O2zUFbHww83pthZp4fMyqVZX0bK6tr6xubha3i9s7uXsncP3BklAhM2jhikej6SBJGOWkrqhjpxoKg0Gek44+bU7/zSISkEb9Xk5i4IRpyGlCMlJY8s9T0UufmzLnLHtJK/TTzzLJVtWaAy8TOSRnkaHnmV38Q4SQkXGGGpOzZVqzcFAlFMSNZsZ9IEiM8RkPS05SjkEg3nR2ewROtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8XqKCSzelPE4U4Xi+KEgYVBGcpgAHVBCs2EQThAXVt0I8QgJhpbMq6hDsxZeXiVOr2ufV2u1FuXGVx1EAR+AYVIAN6qABrkELtAEGCXgGr+DNeDJejHfjY966YuQzh+APjM8fSvySMw==</latexit>

Dimension 6 Dimension 7

⌫L e

uL
<latexit sha1_base64="9E1DNHCdd4HYtaYgMWR1ZTvFyRo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWekh7d71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDMViNvA==</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

⌫L e

uR
<latexit sha1_base64="T4QgLkN9/FInulqWKSoKSInPGbo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh7R33yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wc6cI3C</latexit>

dR
<latexit sha1_base64="lL1UqOQGqULz/N8dgpdt6P1hGYo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmZne5Mhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8HwZuq3nlBpnshHM0rRj2lf8ogzaqz0EPbue6WyW3FnIMvEy0kZctR7pa9umLAsRmmYoFp3PDc1/pgqw5nASbGbaUwpG9I+diyVNEbtj2enTsipVUISJcqWNGSm/p4Y01jrURzYzpiagV70puJ/Xicz0ZU/5jLNDEo2XxRlgpiETP8mIVfIjBhZQpni9lbCBlRRZmw6RRuCt/jyMmlWK955pXp3Ua5d53EU4BhO4Aw8uIQa3EIdGsCgD8/wCm+OcF6cd+dj3rri5DNH8AfO5w8gio2x</latexit>

⌫L e

uR
<latexit sha1_base64="T4QgLkN9/FInulqWKSoKSInPGbo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh7R33yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wc6cI3C</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

⌫L e

uR
<latexit sha1_base64="T4QgLkN9/FInulqWKSoKSInPGbo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh7R33yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wc6cI3C</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit> ud

⌫L e
⇥@µ

<latexit sha1_base64="uR2hV3WEHww3pum5oK2YkYmlVw0=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSlIFXRbduKxgH9CEMJlO2qEzkzBzI5bQX3HjQhG3/og7/8ZJm4W2Hhg4nHNfc6KUMw2u+22trW9sbm1Xdqq7e/sHh/ZRrauTTBHaIQlPVD/CmnImaQcYcNpPFcUi4rQXTW4Lv/dIlWaJfIBpSgOBR5LFjGAwUmjXfGCCaj/FChjmoS+y0K67DXcOZ5V4JamjEu3Q/vKHCckElUA41nrguSkEeTGRcDqr+pmmKSYTPKIDQyU2C4N8fvvMOTPK0IkTZZ4EZ67+7six0HoqIlMpMIz1sleI/3mDDOLrIGcyzYBKslgUZ9yBxCmCcIZMUQJ8aggmiplbHTLGChMwcVVNCN7yl1dJt9nwLhrN+8t666aMo4JO0Ck6Rx66Qi10h9qogwh6Qs/oFb1ZM+vFerc+FqVrVtlzjP7A+vwBkROUxw==</latexit>
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C(6)
SL,SR

<latexit sha1_base64="CaSYBPU2IR+30lRZNSURhJiZ2+8=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0WoICWpoi6L3bhwUa19QBvDZDpph04mYWYi1JAvceNCEbd+ijv/xmmbhbYeuHA4517uvceLGJXKsr6NpeWV1bX13EZ+c2t7p2Du7rVkGAtMmjhkoeh4SBJGOWkqqhjpRIKgwGOk7Y1qE7/9SISkIb9X44g4ARpw6lOMlJZcs1Bzk8bNSeMufUhK58epaxatsjUFXCR2RoogQ901v3r9EMcB4QozJGXXtiLlJEgoihlJ871YkgjhERqQrqYcBUQ6yfTwFB5ppQ/9UOjiCk7V3xMJCqQcB57uDJAaynlvIv7ndWPlXzoJ5VGsCMezRX7MoArhJAXYp4JgxcaaICyovhXiIRIIK51VXodgz7+8SFqVsn1artyeFatXWRw5cAAOQQnY4AJUwTWogybAIAbP4BW8GU/Gi/FufMxal4xsZh/8gfH5A0Alkiw=</latexit>

C(6)
V L

<latexit sha1_base64="c6TAoVQgaT5/RbSnxMqsfXFiwNc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkrSinos9uLBQwX7AW0sm+2mXbrZhN2NUEL+hhcPinj1z3jz37htc9DWBwOP92aYmedFnClt299Wbm19Y3Mrv13Y2d3bPygeHrVVGEtCWyTkoex6WFHOBG1ppjntRpLiwOO0400aM7/zRKVioXjQ04i6AR4J5jOCtZH6jUHSvksfk/LleTooluyKPQdaJU5GSpChOSh+9YchiQMqNOFYqZ5jR9pNsNSMcJoW+rGiESYTPKI9QwUOqHKT+c0pOjPKEPmhNCU0mqu/JxIcKDUNPNMZYD1Wy95M/M/rxdq/dhMmolhTQRaL/JgjHaJZAGjIJCWaTw3BRDJzKyJjLDHRJqaCCcFZfnmVtKsVp1ap3l+U6jdZHHk4gVMogwNXUIdbaEILCETwDK/wZsXWi/VufSxac1Y2cwx/YH3+ABWokQ8=</latexit>

C(6)
V R

<latexit sha1_base64="c1gg6VYXMyW6ypCZNPIoxHP2PiI=">AAAB83icbVBNT8JAEJ3iF+IX6tHLRmKCF9KCUY9ELh7RyEcClWyXLWzYbpvdrQlp+je8eNAYr/4Zb/4bF+hBwZdM8vLeTGbmeRFnStv2t5VbW9/Y3MpvF3Z29/YPiodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k8bM7zxRqVgoHvQ0om6AR4L5jGBtpH5jkLTv08ekfHmeDoolu2LPgVaJk5ESZGgOil/9YUjigApNOFaq59iRdhMsNSOcpoV+rGiEyQSPaM9QgQOq3GR+c4rOjDJEfihNCY3m6u+JBAdKTQPPdAZYj9WyNxP/83qx9q/dhIko1lSQxSI/5kiHaBYAGjJJieZTQzCRzNyKyBhLTLSJqWBCcJZfXiXtasWpVap3F6X6TRZHHk7gFMrgwBXU4Raa0AICETzDK7xZsfVivVsfi9aclc0cwx9Ynz8e6pEV</latexit>

C(6)
T

<latexit sha1_base64="wNxiHjRk3SbraUeVBM0+dsTANCI=">AAAB8nicbVBNS8NAEN34WetX1aOXYBHqpSRV1GOxF48V+gVpLJvtpl262Q27E6GE/AwvHhTx6q/x5r9x2+agrQ8GHu/NMDMviDnT4Djf1tr6xubWdmGnuLu3f3BYOjruaJkoQttEcql6AdaUM0HbwIDTXqwojgJOu8GkMfO7T1RpJkULpjH1IzwSLGQEg5G8xiBtZY9p5foiG5TKTtWZw14lbk7KKEdzUPrqDyVJIiqAcKy15zox+ClWwAinWbGfaBpjMsEj6hkqcES1n85PzuxzowztUCpTAuy5+nsixZHW0ygwnRGGsV72ZuJ/npdAeOunTMQJUEEWi8KE2yDt2f/2kClKgE8NwUQxc6tNxlhhAialognBXX55lXRqVfeyWnu4Ktfv8jgK6BSdoQpy0Q2qo3vURG1EkETP6BW9WWC9WO/Wx6J1zcpnTtAfWJ8/dtSQtw==</latexit>

C(7)
V L,V R

<latexit sha1_base64="XHFj6+B+xzNHfRT4cXNYI3J+IuI=">AAAB+HicbVBNS8NAEN34WetHox69LBahgpSkCvVY7MWDhyo2LbQxbLabdulmE3Y3Qg35JV48KOLVn+LNf+O2zUFbHww83pthZp4fMyqVZX0bK6tr6xubha3i9s7uXsncP3BklAhM2jhikej6SBJGOWkrqhjpxoKg0Gek44+bU7/zSISkEb9Xk5i4IRpyGlCMlJY8s9T0UufmzLnLHtJK/TTzzLJVtWaAy8TOSRnkaHnmV38Q4SQkXGGGpOzZVqzcFAlFMSNZsZ9IEiM8RkPS05SjkEg3nR2ewROtDGAQCV1cwZn6eyJFoZST0NedIVIjuehNxf+8XqKCSzelPE4U4Xi+KEgYVBGcpgAHVBCs2EQThAXVt0I8QgJhpbMq6hDsxZeXiVOr2ufV2u1FuXGVx1EAR+AYVIAN6qABrkELtAEGCXgGr+DNeDJejHfjY966YuQzh+APjM8fSvySMw==</latexit>

Dimension 6 Dimension 7

⌫L e

uL
<latexit sha1_base64="9E1DNHCdd4HYtaYgMWR1ZTvFyRo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWekh7d71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDMViNvA==</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

⌫L e

uR
<latexit sha1_base64="T4QgLkN9/FInulqWKSoKSInPGbo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh7R33yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wc6cI3C</latexit>

dR
<latexit sha1_base64="lL1UqOQGqULz/N8dgpdt6P1hGYo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmZne5Mhs7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1EmmGDZYIhLVDqhGwSU2DDcC26lCGgcCW8HwZuq3nlBpnshHM0rRj2lf8ogzaqz0EPbue6WyW3FnIMvEy0kZctR7pa9umLAsRmmYoFp3PDc1/pgqw5nASbGbaUwpG9I+diyVNEbtj2enTsipVUISJcqWNGSm/p4Y01jrURzYzpiagV70puJ/Xicz0ZU/5jLNDEo2XxRlgpiETP8mIVfIjBhZQpni9lbCBlRRZmw6RRuCt/jyMmlWK955pXp3Ua5d53EU4BhO4Aw8uIQa3EIdGsCgD8/wCm+OcF6cd+dj3rri5DNH8AfO5w8gio2x</latexit>

⌫L e

uR
<latexit sha1_base64="T4QgLkN9/FInulqWKSoKSInPGbo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh7R33yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wc6cI3C</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

⌫L e

uR
<latexit sha1_base64="T4QgLkN9/FInulqWKSoKSInPGbo=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh7R33yuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wc6cI3C</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit> ud

⌫L e
⇥@µ

<latexit sha1_base64="uR2hV3WEHww3pum5oK2YkYmlVw0=">AAAB+3icbVDLSsNAFJ34rPUV69JNsAiuSlIFXRbduKxgH9CEMJlO2qEzkzBzI5bQX3HjQhG3/og7/8ZJm4W2Hhg4nHNfc6KUMw2u+22trW9sbm1Xdqq7e/sHh/ZRrauTTBHaIQlPVD/CmnImaQcYcNpPFcUi4rQXTW4Lv/dIlWaJfIBpSgOBR5LFjGAwUmjXfGCCaj/FChjmoS+y0K67DXcOZ5V4JamjEu3Q/vKHCckElUA41nrguSkEeTGRcDqr+pmmKSYTPKIDQyU2C4N8fvvMOTPK0IkTZZ4EZ67+7six0HoqIlMpMIz1sleI/3mDDOLrIGcyzYBKslgUZ9yBxCmCcIZMUQJ8aggmiplbHTLGChMwcVVNCN7yl1dJt9nwLhrN+8t666aMo4JO0Ck6Rx66Qi10h9qogwh6Qs/oFb1ZM+vFerc+FqVrVtlzjP7A+vwBkROUxw==</latexit>
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W. Dekens, ACFI workshop, 12/9

LECs  

x1 x4

x1 x2

x1 x4 x2

Dimension 9 - scalar Dimension 9 - vector

e

ud

e

ud

C(9)
2,3,4,5

<latexit sha1_base64="xtTUfyr8aGhjmgBWpjLhsLEWwRM=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjHBhJAWMOqOyMYlJvJIoDbTYYAJ02kzM9WQ2k9x40Jj3Pol7vwbB+hCwZPc5OSce3PvPV7IqFSW9W1k1tY3Nrey27md3b39AzN/2JZBJDBp4YAFoushSRjlpKWoYqQbCoJ8j5GON2nM/M4DEZIG/E5NQ+L4aMTpkGKktOSa+YYbV0rVUq10ntzHxauzxDULVtmaA64SOyUFkKLpml/9QYAjn3CFGZKyZ1uhcmIkFMWMJLl+JEmI8ASNSE9TjnwinXh+egJPtTKAw0Do4grO1d8TMfKlnPqe7vSRGstlbyb+5/UiNbx0YsrDSBGOF4uGEYMqgLMc4IAKghWbaoKwoPpWiMdIIKx0Wjkdgr388ippV8p2tVy5rRXq12kcWXAMTkAR2OAC1MENaIIWwOARPINX8GY8GS/Gu/GxaM0Y6cwR+APj8wdj+JIl</latexit>

e

ud

e

ud

C(9)
6,7,8,9

<latexit sha1_base64="PuzAiXKEsL76KIzXVErXz3v+644=">AAAB+nicbVDLTsJAFJ36RHwVXbqZSEwwIaRFI7AjsnGJiTwSqM10mMKE6bSZmWpI5VPcuNAYt36JO//GAbpQ8CQ3OTnn3tx7jxcxKpVlfRtr6xubW9uZnezu3v7BoZk7asswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHGzdmfueBCElDfqcmEXECNOTUpxgpLblmruEmV8VKsVqsTe+TQu186pp5q2TNAVeJnZI8SNF0za/+IMRxQLjCDEnZs61IOQkSimJGptl+LEmE8BgNSU9TjgIinWR++hSeaWUA/VDo4grO1d8TCQqknASe7gyQGsllbyb+5/Vi5VedhPIoVoTjxSI/ZlCFcJYDHFBBsGITTRAWVN8K8QgJhJVOK6tDsJdfXiXtcsm+KJVvL/P16zSODDgBp6AAbFABdXADmqAFMHgEz+AVvBlPxovxbnwsWteMdOYY/IHx+QN82JI1</latexit>

e

e

C(9)
1L,1R

<latexit sha1_base64="qjpQ2KDWTYNvqjIT6EWbPuBMLlI=">AAAB+HicbVDLSsNAFL3xWeujUZdugkWoICWpgrorduPCRRX7gDaGyXTSDp1MwsxEqCFf4saFIm79FHf+jdPHQlsPXDiccy/33uPHjEpl29/G0vLK6tp6biO/ubW9UzB395oySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8oe1sd96JELSiN+rUUzcEPU5DShGSkueWah5qXNz4txlD2np8jjzzKJdtiewFokzI0WYoe6ZX91ehJOQcIUZkrLj2LFyUyQUxYxk+W4iSYzwEPVJR1OOQiLddHJ4Zh1ppWcFkdDFlTVRf0+kKJRyFPq6M0RqIOe9sfif10lUcOGmlMeJIhxPFwUJs1RkjVOwelQQrNhIE4QF1bdaeIAEwkpnldchOPMvL5Jmpeycliu3Z8Xq1SyOHBzAIZTAgXOowjXUoQEYEniGV3gznowX4934mLYuGbOZffgD4/MH2xKR6w==</latexit>

uL
<latexit sha1_base64="9E1DNHCdd4HYtaYgMWR1ZTvFyRo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWekh7d71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDMViNvA==</latexit>

uL
<latexit sha1_base64="9E1DNHCdd4HYtaYgMWR1ZTvFyRo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWekh7d71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDMViNvA==</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>
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W. Dekens, ACFI workshop, 12/9

LECs  

x1 x4

x1 x2

x1 x4 x2

Dimension 9 - scalar Dimension 9 - vector

e

ud

e

ud

C(9)
2,3,4,5

<latexit sha1_base64="xtTUfyr8aGhjmgBWpjLhsLEWwRM=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjHBhJAWMOqOyMYlJvJIoDbTYYAJ02kzM9WQ2k9x40Jj3Pol7vwbB+hCwZPc5OSce3PvPV7IqFSW9W1k1tY3Nrey27md3b39AzN/2JZBJDBp4YAFoushSRjlpKWoYqQbCoJ8j5GON2nM/M4DEZIG/E5NQ+L4aMTpkGKktOSa+YYbV0rVUq10ntzHxauzxDULVtmaA64SOyUFkKLpml/9QYAjn3CFGZKyZ1uhcmIkFMWMJLl+JEmI8ASNSE9TjnwinXh+egJPtTKAw0Do4grO1d8TMfKlnPqe7vSRGstlbyb+5/UiNbx0YsrDSBGOF4uGEYMqgLMc4IAKghWbaoKwoPpWiMdIIKx0Wjkdgr388ippV8p2tVy5rRXq12kcWXAMTkAR2OAC1MENaIIWwOARPINX8GY8GS/Gu/GxaM0Y6cwR+APj8wdj+JIl</latexit>

e

ud

e

ud

C(9)
6,7,8,9

<latexit sha1_base64="PuzAiXKEsL76KIzXVErXz3v+644=">AAAB+nicbVDLTsJAFJ36RHwVXbqZSEwwIaRFI7AjsnGJiTwSqM10mMKE6bSZmWpI5VPcuNAYt36JO//GAbpQ8CQ3OTnn3tx7jxcxKpVlfRtr6xubW9uZnezu3v7BoZk7asswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHGzdmfueBCElDfqcmEXECNOTUpxgpLblmruEmV8VKsVqsTe+TQu186pp5q2TNAVeJnZI8SNF0za/+IMRxQLjCDEnZs61IOQkSimJGptl+LEmE8BgNSU9TjgIinWR++hSeaWUA/VDo4grO1d8TCQqknASe7gyQGsllbyb+5/Vi5VedhPIoVoTjxSI/ZlCFcJYDHFBBsGITTRAWVN8K8QgJhJVOK6tDsJdfXiXtcsm+KJVvL/P16zSODDgBp6AAbFABdXADmqAFMHgEz+AVvBlPxovxbnwsWteMdOYY/IHx+QN82JI1</latexit>

e

e

C(9)
1L,1R

<latexit sha1_base64="qjpQ2KDWTYNvqjIT6EWbPuBMLlI=">AAAB+HicbVDLSsNAFL3xWeujUZdugkWoICWpgrorduPCRRX7gDaGyXTSDp1MwsxEqCFf4saFIm79FHf+jdPHQlsPXDiccy/33uPHjEpl29/G0vLK6tp6biO/ubW9UzB395oySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8oe1sd96JELSiN+rUUzcEPU5DShGSkueWah5qXNz4txlD2np8jjzzKJdtiewFokzI0WYoe6ZX91ehJOQcIUZkrLj2LFyUyQUxYxk+W4iSYzwEPVJR1OOQiLddHJ4Zh1ppWcFkdDFlTVRf0+kKJRyFPq6M0RqIOe9sfif10lUcOGmlMeJIhxPFwUJs1RkjVOwelQQrNhIE4QF1bdaeIAEwkpnldchOPMvL5Jmpeycliu3Z8Xq1SyOHBzAIZTAgXOowjXUoQEYEniGV3gznowX4934mLYuGbOZffgD4/MH2xKR6w==</latexit>

uL
<latexit sha1_base64="9E1DNHCdd4HYtaYgMWR1ZTvFyRo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWekh7d71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDMViNvA==</latexit>

uL
<latexit sha1_base64="9E1DNHCdd4HYtaYgMWR1ZTvFyRo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWekh7d71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDMViNvA==</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>
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W. Dekens, ACFI workshop, 12/9

LECs  

x1 x4

x1 x2

x1 x4 x2

Dimension 9 - scalar Dimension 9 - vector

e

ud

e

ud

C(9)
2,3,4,5

<latexit sha1_base64="xtTUfyr8aGhjmgBWpjLhsLEWwRM=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjHBhJAWMOqOyMYlJvJIoDbTYYAJ02kzM9WQ2k9x40Jj3Pol7vwbB+hCwZPc5OSce3PvPV7IqFSW9W1k1tY3Nrey27md3b39AzN/2JZBJDBp4YAFoushSRjlpKWoYqQbCoJ8j5GON2nM/M4DEZIG/E5NQ+L4aMTpkGKktOSa+YYbV0rVUq10ntzHxauzxDULVtmaA64SOyUFkKLpml/9QYAjn3CFGZKyZ1uhcmIkFMWMJLl+JEmI8ASNSE9TjnwinXh+egJPtTKAw0Do4grO1d8TMfKlnPqe7vSRGstlbyb+5/UiNbx0YsrDSBGOF4uGEYMqgLMc4IAKghWbaoKwoPpWiMdIIKx0Wjkdgr388ippV8p2tVy5rRXq12kcWXAMTkAR2OAC1MENaIIWwOARPINX8GY8GS/Gu/GxaM0Y6cwR+APj8wdj+JIl</latexit>

e

ud

e

ud

C(9)
6,7,8,9

<latexit sha1_base64="PuzAiXKEsL76KIzXVErXz3v+644=">AAAB+nicbVDLTsJAFJ36RHwVXbqZSEwwIaRFI7AjsnGJiTwSqM10mMKE6bSZmWpI5VPcuNAYt36JO//GAbpQ8CQ3OTnn3tx7jxcxKpVlfRtr6xubW9uZnezu3v7BoZk7asswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHGzdmfueBCElDfqcmEXECNOTUpxgpLblmruEmV8VKsVqsTe+TQu186pp5q2TNAVeJnZI8SNF0za/+IMRxQLjCDEnZs61IOQkSimJGptl+LEmE8BgNSU9TjgIinWR++hSeaWUA/VDo4grO1d8TCQqknASe7gyQGsllbyb+5/Vi5VedhPIoVoTjxSI/ZlCFcJYDHFBBsGITTRAWVN8K8QgJhJVOK6tDsJdfXiXtcsm+KJVvL/P16zSODDgBp6AAbFABdXADmqAFMHgEz+AVvBlPxovxbnwsWteMdOYY/IHx+QN82JI1</latexit>

e

e

C(9)
1L,1R

<latexit sha1_base64="qjpQ2KDWTYNvqjIT6EWbPuBMLlI=">AAAB+HicbVDLSsNAFL3xWeujUZdugkWoICWpgrorduPCRRX7gDaGyXTSDp1MwsxEqCFf4saFIm79FHf+jdPHQlsPXDiccy/33uPHjEpl29/G0vLK6tp6biO/ubW9UzB395oySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8oe1sd96JELSiN+rUUzcEPU5DShGSkueWah5qXNz4txlD2np8jjzzKJdtiewFokzI0WYoe6ZX91ehJOQcIUZkrLj2LFyUyQUxYxk+W4iSYzwEPVJR1OOQiLddHJ4Zh1ppWcFkdDFlTVRf0+kKJRyFPq6M0RqIOe9sfif10lUcOGmlMeJIhxPFwUJs1RkjVOwelQQrNhIE4QF1bdaeIAEwkpnldchOPMvL5Jmpeycliu3Z8Xq1SyOHBzAIZTAgXOowjXUoQEYEniGV3gznowX4934mLYuGbOZffgD4/MH2xKR6w==</latexit>

uL
<latexit sha1_base64="9E1DNHCdd4HYtaYgMWR1ZTvFyRo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWekh7d71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDMViNvA==</latexit>

uL
<latexit sha1_base64="9E1DNHCdd4HYtaYgMWR1ZTvFyRo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWekh7d71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDMViNvA==</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

LQCDLQCD
e

e

⇡�

⇡�

e

e

p

⇡±

n

e

e

p
n

n p

n p

⌫L e

Lo
w

 e
ne

rg
y 

co
ns

ta
nt

s



W. Dekens, ACFI workshop, 12/9

LECs  

x1 x4

x1 x2

x1 x4 x2

Dimension 9 - scalar Dimension 9 - vector

e

ud

e

ud

C(9)
2,3,4,5

<latexit sha1_base64="xtTUfyr8aGhjmgBWpjLhsLEWwRM=">AAAB+nicbVDLTsJAFJ3iC/FVdOlmIjHBhJAWMOqOyMYlJvJIoDbTYYAJ02kzM9WQ2k9x40Jj3Pol7vwbB+hCwZPc5OSce3PvPV7IqFSW9W1k1tY3Nrey27md3b39AzN/2JZBJDBp4YAFoushSRjlpKWoYqQbCoJ8j5GON2nM/M4DEZIG/E5NQ+L4aMTpkGKktOSa+YYbV0rVUq10ntzHxauzxDULVtmaA64SOyUFkKLpml/9QYAjn3CFGZKyZ1uhcmIkFMWMJLl+JEmI8ASNSE9TjnwinXh+egJPtTKAw0Do4grO1d8TMfKlnPqe7vSRGstlbyb+5/UiNbx0YsrDSBGOF4uGEYMqgLMc4IAKghWbaoKwoPpWiMdIIKx0Wjkdgr388ippV8p2tVy5rRXq12kcWXAMTkAR2OAC1MENaIIWwOARPINX8GY8GS/Gu/GxaM0Y6cwR+APj8wdj+JIl</latexit>

e

e

C(9)
1L,1R

<latexit sha1_base64="qjpQ2KDWTYNvqjIT6EWbPuBMLlI=">AAAB+HicbVDLSsNAFL3xWeujUZdugkWoICWpgrorduPCRRX7gDaGyXTSDp1MwsxEqCFf4saFIm79FHf+jdPHQlsPXDiccy/33uPHjEpl29/G0vLK6tp6biO/ubW9UzB395oySgQmDRyxSLR9JAmjnDQUVYy0Y0FQ6DPS8oe1sd96JELSiN+rUUzcEPU5DShGSkueWah5qXNz4txlD2np8jjzzKJdtiewFokzI0WYoe6ZX91ehJOQcIUZkrLj2LFyUyQUxYxk+W4iSYzwEPVJR1OOQiLddHJ4Zh1ppWcFkdDFlTVRf0+kKJRyFPq6M0RqIOe9sfif10lUcOGmlMeJIhxPFwUJs1RkjVOwelQQrNhIE4QF1bdaeIAEwkpnldchOPMvL5Jmpeycliu3Z8Xq1SyOHBzAIZTAgXOowjXUoQEYEniGV3gznowX4934mLYuGbOZffgD4/MH2xKR6w==</latexit>

uL
<latexit sha1_base64="9E1DNHCdd4HYtaYgMWR1ZTvFyRo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWekh7d71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDMViNvA==</latexit>

uL
<latexit sha1_base64="9E1DNHCdd4HYtaYgMWR1ZTvFyRo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWekh7d71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjlZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEya1Yp3XqneX5Rr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDMViNvA==</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>

dL
<latexit sha1_base64="DT75R+LxPGbVHYPjyZND0iVwAqo=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtAzaWFhENB+QHGFvby5Zsrd37O4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6SCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOokUwwbLBGJagdUo+ASG4Ybge1UIY0Dga1geDP1W0+oNE/koxml6Me0L3nEGTVWegh7d71S2a24M5Bl4uWkDDnqvdJXN0xYFqM0TFCtO56bGn9MleFM4KTYzTSmlA1pHzuWShqj9sezUyfk1CohiRJlSxoyU39PjGms9SgObGdMzUAvelPxP6+TmejKH3OZZgYlmy+KMkFMQqZ/k5ArZEaMLKFMcXsrYQOqKDM2naINwVt8eZk0qxXvvFK9vyjXrvM4CnAMJ3AGHlxCDW6hDg1g0IdneIU3RzgvzrvzMW9dcfKZI/gD5/MHF3KNqw==</latexit>
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C(9)
6,7,8,9

<latexit sha1_base64="PuzAiXKEsL76KIzXVErXz3v+644=">AAAB+nicbVDLTsJAFJ36RHwVXbqZSEwwIaRFI7AjsnGJiTwSqM10mMKE6bSZmWpI5VPcuNAYt36JO//GAbpQ8CQ3OTnn3tx7jxcxKpVlfRtr6xubW9uZnezu3v7BoZk7asswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHGzdmfueBCElDfqcmEXECNOTUpxgpLblmruEmV8VKsVqsTe+TQu186pp5q2TNAVeJnZI8SNF0za/+IMRxQLjCDEnZs61IOQkSimJGptl+LEmE8BgNSU9TjgIinWR++hSeaWUA/VDo4grO1d8TCQqknASe7gyQGsllbyb+5/Vi5VedhPIoVoTjxSI/ZlCFcJYDHFBBsGITTRAWVN8K8QgJhJVOK6tDsJdfXiXtcsm+KJVvL/P16zSODDgBp6AAbFABdXADmqAFMHgEz+AVvBlPxovxbnwsWteMdOYY/IHx+QN82JI1</latexit>

Non-NDA


